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== JROFESSOR D’Ancona has asked me if it is possible to 

w=) state the mating conditions under which a population living 

! E= =) under defined environmental conditions will decrease and 
Jj vanish or on the contrary continue to grow steadily larger. 

1. We can give a criterion to distinguish these two cases and settle 

a critical value of the population such that for a smaller value the popu- 


lation exhausts itself, and for a larger one, increases. 

2. Let N be the population and « the mortality coefficient. If we 
suppose that the ratio of the males to the females remains constant, the 
number of the males will be a N and the number of the females 8 N, a 
and 8 being two constants such that e + 8 = 1. The number of the 
meetings of the two sexes in a unit of time will be proportional to 
aN-B8N =a N?*; and if the birth of m individuals corresponds to n 
meetings, the number of the births in a unit of time can be expressed by: 


Kap™ N?=,N? 
1 
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K and A being two positive constants. It results from this that in a time 
dt we have: 
dN=—ceNdt+AN?dt 
that is: 
d r 
— (—e+AN) N. 
3. This equation is identical to the equation of Verhulst-Pearl, 
except for the signs of the coefficients which are interchanged. 


Thus if we take the Verhulst-Pearl integral with the necessary sign- 
interchange, we get the formula: 


—« N, e—* me eN, on I 
—e—N,d (e*—1)  — (e— NA) e+ NoA oO (1 — hh) eh | 


in which N, is the initial population at the epoch ¢ = Oandh = N, nd 





N= 





4. Wecan then distinguish three cases : 
(1) «—AN,=0 (ie. h = 1) 
(2) «—AN,>0 (ie. h < 1) 
(3) «—AN. <0 (ie. h > 1) 


In the first case the population N remains always constant and equal 


to ‘ =N,. In the second case, when ¢ increases indefinitely, the de- 


nominator increases indefinitely and N tends to zero, and therefore the 
population tends to vanish. In the third case, the denominator de- 
creases and becomes zero when 


, Noa 
i.e. at the epoch ¢ = " tog ——— , we have N = @. 

€ N, A =——g 
Of course this occurrence cannot happen; other causes lessen the 


increase of the population. 


Thus a critical value N, =< exists above which the population 


A 
grows continuously but below which it decreases and vanishes. When 


N= “ , the population remains stationary. 





POPULATION GROWTH 3 


5. The case of the vanishing can be verified, but of course the case 
in which the population increases indefinitely and becomes infinite after 
a finite time is not a realizable one. There must exist some cause which 
lessens the endless increase. 

In the case considered by Pearl which leads to the logistic curve, it 
is supposed that with the increase of the population the means of sub- 
sistence become rarefied and a negative term proportional to the already 
existing population must be added in the increase coefficient. It would 
be possible to think that in our case too Pearl’s term —pN (, being 
positive) must be added in the increase coefficient — « + AN. In this 
manner the latter would become — « + (A — ») N. But, if A — p is 
positive we find again the case we have already treated ; otherwise, A — » 
is negative and then we have a rapid decrease of N until N becomes zero. 

6. We can consider all the cases in which the increase coefficient is 
linear in N. The equation takes then the form 


oN = (a+8N)N, (i) 


and we can distinguish four cases: 
(1) a2>0,b5<0 
(2) a2<0,b>0 
(3) @>0,b6>0 
(4) @4<0,b<0. 
The integral of equation (i) is: 


5 


1_ {N .a+)dN, .. N= N,a ; 
©" =\N. aton J ™ = GFN) &—Ne b 


The first case is Pearl’s and leads to the logistic curve. 





The second case is the case we have just discussed. 
a+bN, 
bN, 


The third leads to N = w , for ¢ = * log ( 


): But an in- 


finite increase after a finite time is impossible. 


The fourth case leads to N = 0 for t = ow ; and is thus the extinction 
case. 
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7. We have seen that by the allowance of a restraint similar to Pearl’s, 
i.e. a decrease proportional to the increase of the population, we add 
nothing essentially new to the study already made. 

The failure is due to the fact that the increase coefficient is a linear 
function of the population. But it is obvious that, by examining the 
question more profoundly, we can succeed by logic and natural means 
in establishing for the said coefficient a second degree polynomial. In 
this manner the resulting demographical phenomenon becomes entirely 
altered. 

In fact we supposed that to m meetings between individuals of dif- 
ferent sexes would correspond m births, but the hypothesis of a con- 
stant ratio between the births and the meetings can be admitted only as 
a first approximation.* If we wish to consider the possible cases with 
greater accuracy, it is necessary to suppose that this ratio can be in- 
fluenced by the population itself, and not solely by the rarefaction of the 
means of subsistence which results from the increase of the population. 
As a first approximation we can suppose, as it is done in analogous 
cases, that this ratio decreases linearly with the population. The birth 
number in a unit of time will be expressed by: 

KaB (m—pN) N2 
n 
p being positive ; i.e. by 
(A—yWN) N? 
A and y being positive. 


8. Thus if we take into account the mortality coefficient — «, Pearl's 
term — » N, and the birth term (A — y N) N, we shall obtain the 
increase coefficient : 

—e+ (A—p) N—yN’, 
from which it results that (i) is replaced by 


ar=(—«+ (An) N—yN?)N 


dN 
dt 
where a and ¢ are positive. 


=—(c—bN+aN?)N 


* Compare R. Pearl and S. L. Parker. Proc. Nat. Ac. of Sci. Vol. 8, 1922. 





POPULATION GROWTH 5 


We will suppose too that b is positive, keeping the case of b negative 
apart for the present. 

Let us suppose that the roots of the equation 

aN?—bN+c=0 (ii) 
are real: they will be positive. Let us suppose first that they are unequal 
and call them a and £8, (a > 8). The equation (i’) will be 
ox =—« (N—e) (N—B)N 

or as well 


dN 
(N —a) (N—£)N 


a-0= (8) (=e) (HE) 


N, is the value of N when t = 0 and we suppose N, + 0, a, B. 


We have further 


d? N adN 
TY hae 1) 





—adt= 


and integrated 





where 
X = 3N?—2 (a+ B)N+c8, 
But 


ZX ne > %X wig <9 XZ g OD 


so the equation X = 0 has two positive roots: one y lying between a and 
8, and the other 8 smaller than 8, i.e. we have 
d* N dN 
a>y > B>8>0,and 3 = — 3a (N — y) (N —8) 45° 
dN d?N 


g. I. If No. > a, we have “a. < 0, wr > 0. WN will decrease tend- 


ing towards a and the curve N (t) will always turn its concavity up- 
wards. It has the straight line N = a for an asymptote (Fig. A). 
dN d? N 


II. Ifa > N, > y, we have “Tt > 0, We <0. N will increase 


tending towards the value a and the curve will always turn its concavity 
downwards, its asymptote being the straight line N = a (Fig. B). 


III. If y > N, > B, we have <x > 0, N will increase towards the 


a value and the curve N(¢) will have the straight line N = a as an 
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Fic. A 


2 
asymptote. When N shifts between N, and y we have “a > 0 and the 


curve V(t) turns its concavity upwards; for N = y, the curve presents 


an inflexion and as N shifts between y and a, we have “* < 0, and the 


curve turns its convexity upwards. The curve N(t) will have the same 
trend as the logistic curve of Verhulst-Pearl (Fig. C). 
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IV. If 8B > N, > 8, we have cn < 0, N will decrease tending 


towards 0 and the curve N(t) will have the axis N = 0 as an asymptote. 
When N shifts between N, and 8, we shall have ss < 0 and the curve 
N(t) will turn its convexity upwards; for N = 8, the curve will have 


an inflexion and when WN shifts between 8 and 0, a will be > 0 and the 


curve will turn its concavity upwards (Fig. D). The species will decline 
and ultimately perish. 


V. If 8 > N, we shall have cx < 0; N will decrease and tend to- 


wards zero and the curve N(t) will have as an asymptote the axis 


N=0. We shall have s+ > 0 and the curve N(t) will turn its con- 


cavity upwards (Fig. E). There will be an exhaustion in this case also. 
10. The populations N = a, and N = £ are equilibrium populations 


because they correspond to “* = 0 and therefore to N = constant. 


But for N = a the equilibrium is stable, while for N = B, the equi- 
librium is unstable, because if N departs a little from the a value, it 
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Fic. D 


returns to a indefinitely, while if N departs from £, it gets away from B 
further and further as it tends towards a or zero. 


11. Let us now consider the case of a double root equal to a. We 
shall then have 
dN 


at = —a(a—N)?N 
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whence it results that N decreases. The integration gives 
N—No 


ile 
et = ¢ 6 (e—N) (0—Ne) - N a—N,\ @ 
No a—wN 


where JN, is the initial value of N for t = 0. 


We have then 
d?N adN 
re ee 


2 
I. If N, > a, we shall have an < 0, and > 0, therefore N will 


decrease tending indefinitely towards a. The straight line N = a will 
be an asymptote of the curve N(t) which will always turn its concavity 
upwards (Fig. F). 





No 





Xx 
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II. If 7< N, < awe shall have én < 0; N will decrease, indefi- 


dt 
i ; : a d?N 
nitely tending towards 0. When N shifts between N, and 3° ae 
will be < O and the curve N (t) will have its convexity turned upwards. 


For N = ; , the curve N(t) will have an inflexion and when N shifts 
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2 
between 3 and 0, {+ will be > 0 and the curve will turn its concavity 


upwards. The axis N = 0 will be an asymptote (Fig. G). 











Fic. G 


III. If Ne <_ $ , we shall have a é Gun £4 >0. N will 


decrease and tend towards 0. The curve V(t) will turn its concavity 
upwards. The axis N = 0 will be an asymptote (Fig. H). 
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In the case of two roots equal to a, the population N = a will be an 
equilibrium population. It will be stable for a disturbance which tends 
to increase it and unstable for one which tends to decrease it. 

12. In the case when equation (ii) has imaginary roots, the integral 
of (i’) will be 


oane 5 2a (N—N,) 


Fa. N2 (aN,2—bN.+ c) 2e ee e(1+ (2 a N—d) osNe)) 
—\ WN (aN?—bN +c) . K 


where N, is the initial value of N for t =O and K = 4ac —b? > 0. 











It immediately appears that <* < Oand WN decreases and tends to- 


wards 0 fort = o@ . Thecurve N(t) has the axis N = 0 as an asymp- 
tote and it is easy to distinguish the cases where there is an inflection or 
not. It is easy to recognize that if b < 0, N tends towards 0 for ¢ = 
oo. 


In short: 

If the initial population is an equilibrium population, the population 
remains constant. In all other circumstances the species will disappear, 
except when (a) two equilibrium populations exist and when the initial 
amount of the population is greater than the stable equilibrium population 
or contained between the stable equilbrium population and the unstable 
equilibrium population. In both cases, the population tends towards the 
stable population and in the case where the population lies between the 
two equilbrium populations and is close enough to the unstable one, it can 
tend towards the stable population by changing the trend of its increase: 
(b) or when only one equilibrium population exists smaller than the 
initial population. In this case the population tends towards the equili- 
brium population.* 

*I offer my best thanks to Miss Dr. H. Freda for having kindly controlled the 
formulas and the results of this paper and for correcting the proof sheets. 
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RELIABILITY OF DERMATOGLYPHICS 
IN TWIN DIAGNOSIS 


BY JOHN W. MacARTHUR 





Department of Biology, University of Toronto 


INTRODUCTION 


———S THE main purpose of this study was to develop a quanti- 
@ameeesy tative and wholly objective method of comparing finger 
j=" and palm, toe and sole, prints or print formulae, so that 
j=) the degree of likeness in the dermatoglyphics as a whole 
between two individuals or between the hands or feet of an individual 
may be more precisely stated (MacArthur, ’36). No such really general 
procedure seems to have been attempted for either anthropological or 
genetic uses (but see Cummins, ’30, 36; and Meyer-Heydenhagen, ’34). 
Most systems for distinguishing “identical” from “fraternal” twins 

or sets employ, along with other characters, some data from the prints; 
finger patterns are included among Stocks’ (’30) criteria, and ridge 
counts among Rife’s (’33) four quantitative characters. Even when 
dermatoglyphic data are weighted more heavily in the diagnosis especial 
emphasis is commonly laid on some one print character, or on the 
dermatoglyphics of one part; and the likeness of a pair has usually 
been merely “judged” or subjectively estimated from the formulae, an 
additional incalculable allowance being made both for details and im- 
pressions too subtle to be formulated, and for assumed partial or 
complete reversals of asymmetry (e.g. Newman, ’30a, b, and ’31a, b). 
An improved measure of the reliability and limitations of the 
diagnosis of twin types by print characters alone, independently of 
all other characters, is obviously needed, since experts have rated 
the diagnostic value of the prints so variously. A few, like Wilder 
(’19), formerly considered them practically self-sufficient for a deter- 
mination of the type of twinning. Among recent authors Meyer- 
Heydenhagen (’34) claims that point by point comparison of palm 
prints alone is a dependable means of separating one-egg and two-egg 
pairs in ninety percent of cases. Newman (’30a, b, ’31a, b) also 





TWIN DERMATOGLYPHICS 13 


especially emphasizes the value of both finger and palm prints. The 
majority of workers (e.g. Ganther and Rominger, ’23; Komai, ’28; 
Verschuer, ’32; Siemens, ’32) regard friction ridges as among the 
important diagnostic aids. Others, however, who have given the 
matter much attention, found the prints misleading and unreliable and 
concede them only a low diagnostic value (Lauterbach, ’25; Reichle, 
’29; Cummins, ’30; Rife, ’33). To some extent the latter authors may 
have depended upon too few print characters, or trusted too implicitly, 
as we now suspect, in diagnoses made from the fetal membranes, 
but they have presented impressive evidence of marked dissimilarity 
in some undoubtedly identical pairs and especially in conjoined twins; 
and of close similarity in occasional pairs of unlike sex. Such diver- 
gent statements both of fact and of opinion clearly imply that the 
data have never been quantified. 

The advantages of emphasizing dermatoglyphic features in diagnosis 
are that they comprise a large group of diverse characters requiring 
in common somewhat similar, though special methods of study; that 
they are so easily, accurately and permanently recorded; and that their 
formulated characters, like sex or blood groups, are fixed early and 
remain constant in all environmental conditions throughout life, and 
are thus always directly comparable in subjects of any race and of either 
sex at any age. In the latter respects particularly prints are superior 
to a great number of otherwise valuable diagnostic characters (color of 
eyes and hair, hair form, shape of ears, facial features, size, weight, 
proportions and dimensional measurements of parts, ossification times, 
intelligence, etc.) which are often disturbingly influenced by surround- 
ings, sex or age, and concerning which comparisons are necessarily 
somewhat restricted to certain races, to adults, to children of the 
same age, or to pairs reared similarly. Siemen’s recent comments 
(32, page 212) stress the need for continued study of diagnostic methods : 
“Studien in dieser Richtung sind aber erforderlich, weil die Eiigkeits- 
diagnose aus der Ahnlichkeit, so einfach sie auch bei Erwachsenen unser 
Breiten meist ist, bei Kleinkindern (Siemens, Rohlfs, Reichle) und 
bei dunklen Rassen (Siemens, Komai) recht schwierig sein kann, ein 
Mangel, der sich nur durch weitere Ahnlichkeitsstudien beheben lasst”’. 
Especially urgent and important are the problems of determining the 
twin type in very young children. 

Again, twin diagnosis has been and still is oftenest attempted from 
the twin pair alone. Hence it seemed especially desirable as a second 
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objective of this study to extend the quantitative method to take in 
entire family units, both twinning and non-twinning families. This 
supplies a much-needed series of norms showing the average and range 
of resemblance in a number of friction ridge characters between 
parents and children, children among themselves, between mono-ovular 
pairs, and di-ovular pairs, and between left and right sides of individuals. 
Knowing the expected similarity among their relatives one may, it 
seems, arrive at a more dependable diagnosis of a particular twin pair. 


A GENERAL METHOD OF COMPARING FINGER AND PALM 
PRINTS OR FORMULAE 


The method proposed is a “similarity” method, measuring re- 
semblance in many characters, but for the purpose in mind, taking 
all these characters from the dermatoglyphic record alone. Considered 
genetically the print characters are to be classed as a complex of in- 
directly inherited quantitative characters, which are plastic in the em- 
bryonic developmental period, are controlled by a large total number 
of factors (Bonnevie, ’24, ’31 ; Griineberg, ’28), and are at least partially 
independent of each other. The correlations are evidently highest 
between characters affecting the same part (finger pattern types, shapes, 
directions, and ridge counts; Bonnevie, ’24, ’31; Griineberg ’28; Cum- 
mins and Steggerda, ’35) or between homologous parts of the hand and 
foot (as finger and toe patterns, M. Newman, ’36; and ridge counts, 
unpublished observations). Correlations are apparently low or negli- 
gible between non-corresponding parts, such as fingers and palms, 
since the development of their friction ridges is conditioned by dif- 
ferent sets of growth factors acting more or less locally (Bonnevie, ’29; 
Cummins, ’26, ’29, 35). 

Similarity methods work on the principle that parents will ordinarily 
be heterozygous for some of the many factors involved, and the possible 
combinations resulting from segregation and fertilization will be so 
numerous that children developing from separate eggs will seldom 
fail to differ in some of the print characters, while a really close 
resemblance amounting to concordance in all or most of these characters 
will be expected only when the genotype is duplicated as in identical 
twins. Theoretically, the greater the number of characters employed 
in the comparison the fewer become the cases where the children of a 
family will all be so nearly uniform that an identical pair can not be 
distinguished from their sibs. The greatest obstacle to be anticipated 
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is the wide variability of phenotypic expression of the same genotype, 
eg. on the left and right sides of the same person, or in the two or 
more individuals arising by the division of a single zygote. In any event 
the sum of information yielded by all the various print characters com- 
bined certainly affords a far better estimate of genetic resemblance than 
will any of them taken separately. 


TABLE 1 


inger and palm formulae of identical twin boys, A and B, and their older brothers, Sib' and Sib* 





FINGERS 
= we CU 





. Left w wr wr U wU 11(10).7.7(6).11/5’ -t- A*. O.D.V.L/D. 
19-14 II-1§ 16-12 16- 14-0 
Right rr A a | | II. 9.7. 4 -+-A* O.V.L.D. 
16-21 17-19 13- 0 18- 4 15-0 


. Left www vi Yg 11(10).7.7(6).11/5’ -t’-A*/A*. O.D.O.L/D. 
15-17 20-14 1-18 20- 0 14-0 
TT FW er. II. 9.7. 5s -t-A*. O.V.L.D. 
19-16 17-15 6- 0 2I- 2 15-0 


w WwW w WwW UV " x.7. -t’-A*. 0.0.L.0. 
21-26 16-20 9- 8 23-24 22-0 

| a a a 2 . x.7. -t- A". 0.0.L.M. 
21-25 14-25 0-18 21-10 21-0 


=... 2-2 3 " 0.5”. -t- L". O.D.O.L. 
25-22 17- 0 13- O 19- O 15-0 

w w*™ U W U ‘ 0.7. -t- L’. O.D.L.O. 
24-20 15- 7 8- 0 12-10 12-0 





The Procedure 


The prints are read and formulated according to the standard scien- 
tific systems for fingers (Bonnevie, ’24, ’31; Geipel, ’35) and palms 
(Cummins and others, ’29; Geipel, ’35), as illustrated in Table 1. 
It is highly desirable to indicate lesser differences whenever possible 
in the formulation (cf. Newman, ’30a; M. Newman, ’36, for digital 
patterns). Naturally, the accuracy of the method depends on the 
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correctness and completeness of the formulations from, or interpreta- 
tions of, the prints. 

Then, using the actual prints or the proper formulae derived from 
them, and comparing hands (a) bilaterally (left and right of the same 
person), (b) homolaterally (same side hands of a pair), and (c) hetero- 
laterally (left of A with right of B, and right of A with left of B), 
the number of differences are noted in four respects, as in Table 2: 


(1) The ridge count total for the five fingers of a hand, i.e. the 
hand quantitative value. The ridges may be counted directly as in 
Table 2 by Bonnevie’s revised method (’29), or reduced to classes 
by Newman’s (’30) or other methods. The observed difference in 
ridge counts is then expressed as a percentage of the average total 
ridge count of hands in general. The mean count in our sample is 
nearly 66 per hand, the right barely exceeding the left (66.3 : 65.8); 
this is approximately 1.7 times the value derived by Newman’s classing 
scheme (about 39 per hand). It was discovered that variability in 
the ridge counts does not increase with the total count; rather, and 
somewhat unexpectedly, the differences in ridge number prove to be 
quite independent of their total number, so that at least as much 
difference is found when the hands (of one individual) or the individuals 
(of identical twin pairs) compared have few ridges as when they have 
many ridges. 

(2) The finger patterns. The patterns of homologous digits are 
matched, a whole unit difference being allowed with one exception be- 
tween any two of Galton’s distinct patterns, e.g. between U and W, R, A, 
or a tented arch (T.A. or At); and a half difference for such lesser 
contrasts (see descriptions by M. Newman, ’36) as in the different 
forms of whorls: W with W*, W4", W"; or W* with W*; or in 
transitional types: A with At, or of U* with U, or A. The number of 
differences per five fingers for hands compared or per ten fingers for 
individuals compared may be directly stated as a percentage of the 
total possible ; necessarily, this is not quite the same as the method most 
used for ordinary quantitative characters (Dahlberg, ’26; Verschuer, 
28). 

(3) The palmar digital and axial triradii. The courses of the 
palmar main lines (D, C, B, A) traced from the corresponding digital 
triradii to their numbered terminations on the margin of the palm are 
classed as wholly different when they reach definitely unlike non- 
adjacent marginal zones, as II vs. 9, or 7; 6 and 5’; and also in 
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TABLE 2 


Showing the number of differences observed in the formulae of Table 1 (Wilson 
family) as regards: 


(1) ridge counts, (2) finger patterns, (3) palm lines and (4) palm patterns; 
also (last column) the average percent difference in all respects combined 














AVERAGE 
LEFT-RIGHT DIFFERENCES PERCENT 
(1) (2) (3) (4) DIFFERENCE 
Banc einen 4 2% 3 244 41.5 
Mates sacken sates I 2% 3 3 46.6 
teaver weet 9 1% 2 yy 23.4 
ve herwatewssen 18 2 2% 2 39.2 
HOMOLATERAL DIFFERENCES 
(1) (2) (3) (4) 
L R L R | R L R 
A—B..... 9 6 I y y, WA I oO 11.7 
A—Sib’* 21 2 2 4 I 3 1% 428 
—Sib’ 9 13 24% =! 3% 2 2 3 39.2 
B—Sib’* 12 32 2 2 3% 1% 34% 1% 43-2 
—Sib’ o 7 2% 1% 4 yy 1% 3 36.2 
1 
- 12 39 3 &% 3. 1% 4 2% §1.0 





contrasts like 5’ and 11-5”, or 11 and 9-7; or g and o. Half-unit dif- 
ferences are counted when the homologous lines end in adjacent po- 
sitions, as 5’ and 5”, or 4; 3 and 3h, or h; 3" and 3° (Meyer-Heyden- 
hagen, ’34); 10 and g, or 11; X and x, 9, 8, or 7; also when single 
and dual endings have one main number in common: II and 11 (10), 
or 11/7; 9-7 and 7. With the palm lines are grouped also the axial 
triradius or triradii, t being scored as different from o, t”, or t’ t”, and 
as half different from t’, or tt’, as t’ is from t”, and the presence of t" 
from its usual absence. In this respect also five items (the first five 
terms of the palm formula) are compared per hand, ten per individual. 

(4) The palm patterns. The five palm pattern areas (ten per 
individual) are similarly treated. Hypothenar A" is recorded as dif- 
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ferent from A‘, L', W, L‘/A‘, etc.; and interdigital or thenar L from 
W, D, d, V, M, or O in all combinations except as noted below. A 
half difference only is counted between hypothenar A* and A*/A‘; A" 
and O; At and L’, or Tt; L' and L'™; or between thenar and interdigital 
L and L/V, or L/O; L and 1; D and d; O and V, or M;; and between 
V and M. 

Where practicable, additional comparisons are recommended and 
have been used with respect to (5) finger pattern shape indices, already 
in percentage form, (6) singleness or doubleness of finger patterns, 
(7) toe ridge counts, (8) toe patterns, and (9) sole lines and patterns. 
The last are preferably formulated more as are palms (cf. Lund, ’33) 
than in code (Wilder and Wentworth, ’32). Cummins (’30, ’36) and 
Meyer-Heydenhagen ('34) have devised and used similarly several 
quantitative measurements and indices. The “hand lines” (P6ch, ’25) 
though not strictly dermatoglyphic features, are usually available, and 
may well also be included. However, many of the above or other 
print characters are employed, the final step in the comparison is by 
calculation of the mean percentage difference, or likeness, from all 
of the separate criteria (Table 2). 

It is probably undesirable to attempt distinctions more refined than 
units and half units. Even these are, like the print formulations them- 
selves, somewhat arbitrary, and, like them also, tend to exaggerate or 
neglect some minor differences and to duplicate others. But these and 
other obvious criticisms are weakened when it is recalled that all of 
the comparisons are accorded exactly the same treatment throughout. 

Applying the method to a family, the father is compared with the 
mother, each parent with each child, and all the children, single and 
multiple-born, with each other in all possible combinations two at a 
time (Table 2). On this basis triplets are treated as three pairs of 
twins, quadruplets as four pairs and quintuplets as ten pairs. 


QUANTITATIVE RESULTS BY THIS METHOD 


Left versus right hands of individuals 


The scoring was first applied to the opposite hands of three groups 
of individuals, including: (a) 100 single born children of both sexes 
from non-twinning families, the number of families being perhaps still 
too few to form a wholly representative sample; (b) the 100 individuals 
diagnosed by various criteria as belonging to identical twin pairs, and 
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(c) the 100 diagnosed as fraternal twins of like sex, whose print formu- 
lations were published by Newman (’30a, ’30b). This twin material 
was chosen because the numbers were fairly adequate, and the diagnoses 
and formulations had been made by another investigator, of course 
quite without anticipation of the present use of his data. Our own series 
of twins, including also ¢ @ pairs, is meanwhile being treated similarly 
to check and supplement these results. In this exploratory survey 
attention is directed first to discovering the major characteristics of 
the groups, and noting some of the chief theoretical implications of the 
observations. 


oat 2 


TABLE 3 


Average number of differences observed in: (1) ridge counts (quantitative value 
by Newman’s method, whose total averaged about 78 per individual), (2) apical 
pattern types, per 10 fingers, (3) palm line terminations and axial triradii, 

10 in all, and (4) palm patterns in 10 areas compared, and (last column) the 
average percent difference, equal weight being given columns (1) to (4) 








(1) (2) (3) (4) AVERAGE 
RIDGE FINGER PALM PALM PERCENT 
HAND COMPARISON COUNTS PATTERNS LINES PATTERNS DIFFERENCE 
; Bilateral 
100 identical twins ........ 7.16 2.58 4-25 3.00 26.9 
a 100 fraternal twins........ 8.14 2.61 3.64 3.28 26.5 
10D smaete BOE... oc 6ccess 8.00 3-49 4.24 2.89 29.2 
- | 
Homolateral 
50 prs. identical twins.... 5.88 1.88 2.84 2.09 19.0 
; 50 prs. fraternal twins.... 22.94 4.38 4.15 3.65 37-9 
62 prs. single sibs........ 22.52 4.77 4.54 3.69 39.8 
65 prs. parent-child ...... 26.30 5.01 4.84 4.39 44.1 
; 15 prs. husband-wife ..... 34.40 5-47 6.20 4.70 51.9 
150 prs. random pairs ..... 28.61 5.60 5.34 4-56 48.1 
Heterolateral 
50 prs. identical twins.... 6.86 2.51 4.04 2.96 26.0 
50 prs. fraternal twins.... 22.98 4.40 4.75 4.18 40.8 
62 prs. single sibs........ 22.59 5.15 5.40 4.14 44.1 
65 prs. parent-child ...... 26.74 5.14 5.23 4.20 45.1 


15 prs. husband-wife..... 34.20 5.57 6.57 4.80 53-5 
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It is obvious from the data (Table 3), as has been long known and 
emphasized, that individuals are commonly far from strictly symmetrical 
in any of their print characters. In fact the left and right sides differ 
on the average by about ten percent in their ridge counts, by twenty- 
six percent in finger patterns, some thirty percent in palm patterns, and 
as much as forty percent in line terminations and axial triradii. Alto- 
gether the opposite hands resemble each other in only about 72 percent 
of their formulated print characters. So much latitude in the pheno- 
typic expression of a genotype on the two sides of the same body may 
be interpreted to be in part merely fortuitous—the unpredictable result 
of development in a plastic medium (Cummins, ’26, ’36), as seen most 
clearly in the ridge counts which average practically the same in both 
hands— and in part due also to the development by differential growth 
of a normal bilateral asymmetry, as in the finger and palm patterns and 
the palm lines. Such asymmetry is most conspicuously and consis- 
tently shown in the more distal and radial trend and the higher numerical 
values of the main lines of right hands. 

In general the bilateral differences are equally marked in single-born 
and both types of twin-born individuals. It might appear that twins are 
more symmetrical than single persons in their finger patterns, but the 
discrepancy in this one respect may have resulted from the extensive 
sampling in a few families with unusually well developed finger patterns. 
The size of the left-right difference seems to be determined embryo- 
logically in each axiate individual, and to be independent of genetic 
factors, which make homolateral differences so unequal. 

On the whole, the most important fact revealed by this comparison is 
that identical twin individuals as a group show fully as much bilateral 
asymmetry as do fraternal twins. This observation is hard to reconcile 
with the view (cf. Wilder, Newman, Reichle, Lauterbach) that a 
marked bilateral symmetry is very frequent in one-egg pairs, 
especially those with three hands similar and one different. It also 
speaks strongly against the familiar theory that in an identical pair one 
member represents the left, the other the right half of a divided zygote, 
and that evidence of such an origin persists in the prints to the definitive 
stage. The twinning mechanism must be of such a nature and so timed 
as to permit each member—at least of a fully separated pair—to develop 
the normal amount of contrast between the hands. Another comparison. 
that of both hands of one with each hand of the other, made on both 
separate and conjoined twins, would be of much interest in asymmetry 
problems. 
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Homolateral differences 


Comparisons were made of left hand with left, and right with right 
both among relatives of several degrees and among unrelated pairs. 
These groups include the identical twins and fraternal twins above 
mentioned, ordinary single born children in all the 62 possible inter- 
sib pairings random as to sex, parents and their children (65 pairings), 
husbands and wives (15 couples), and 150 unrelated pairs taken random- 
ized (50 $4,508 2, and 50 22) mainly from the same white 
American stock. The left side and right side differences proving always 
to be nearly the same, they are added together. 

The importance of relationship is everywhere strikingly apparent 
in the averages, and to some extent in the ranges, of differences noted 
for each of the four characteristics studied. The averages will be dis- 
cussed first. 

Monozygotic twins. Each member of a so-called “identical twin” 
pair is in our experience invariably a unique individual in the details 
of the prints. The pairs studied were in no case duplicates or “doubles” 
in all of even the rather gross characters amenable to formulation. But 
they did show the expected very marked homolateral resemblance on 
all four counts (Table 3). 

In quantitative value the mean difference approximated 7 percent 
(5.9 in 78, the equivalent of about 10 ridges in 132). This agrees with 
the high correlations (r = 0.92 to 0.95) reported in the same or similar 
materials (Newman, ’30a; Bonnevie, ’24, 31). The likeness would, of 
course, be even greater than that noted if the 1o-finger (individual) 
ridge count totals were compared (Bonnevie, 31; Rife, ’33), and con- 
siderably smaller if the corresponding single fingers are matched, as by 
Griineberg (’28), who found the average finger difference for identical 
twins to be 1.58 ridges. 

Of 10 finger patterns an average of 1.9 (19 percent) are different, 
which justifies Stocks’ use of this criterion (’30) and also confirms 
Griineberg’s statement that one-egg pairs agree in 80.00+2.03 percent 
of their finger patterns. In the palm line terminations and axial tri- 
radius positions there are 2.8 differences in 10 (28 percent), and in 
the palm patterns 2.1 differences in 10 (21 percent). This along with 
further evidence presented below indicates that the finger print charac- 
ters, as here used, are superior in diagnostic value to the palm characters, 
and the ridge counts of fingers to their patterns. 
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The homolateral differences in identical pairs may be taken to indi- 
cate, besides error, the approximate extent of what may be called the 
genetic indeterminism (modifying effect of early intrauterine environ- 
ment, etc.) in the inheritance of finger and palm print characters. Such 
indeterminism or fortuity is most marked in the palm line courses, and 
least evident in the more strictly “inherited” ridge counts. 


In all four features identical twins show distinctly less contrast in 
same side hands (average 19 percent) than between their rights and 
lefts (27 percent). As might be expected (contrast Meyer-Heyden- 
hagen, "34, p. 23) the absolute bilateral differences exceed the homo- 
lateral least for the normally nearly symmetrical ridge counts (3 per- 
cent), more for the slightly asymmetrical finger and palm patterns 
(7 percent and 9 percent respectively), and most for the highly asym- 
metrical palm line courses (14 percent). Since the opposite side dif- 
ference as a whole is half again as large as the same side the diagnostic 
rules emphasized by Komai (’28) and Newman (’30) would be correct 
and valid in the general run of cases, though they both fail to pick 
out a considerable proportion of identical pairs. 

The fraternal relationship. Fraternal twins alike in sex display on 
the average just about twice as much same side difference as do identical 
twins, and a third more than do their opposite sides. Practically the 
same (slightly greater) differences in all respects are found between 
pairs, random as to sex, of single born children of a sibship, as were 
noted between the fraternal twins, and indeed also between pairs, 
whether alike or unlike in sex, identified as fraternal from higher multi- 
ple birth series, triplets and quadruplets. Such disparities as were 
found between fraternals of the various sorts are slight and probably 
of no real or large significance, the deviation being less than half a 
standard error. 

The ratio of identical homolateral : left-right : fraternal homolateral 
differences is close to 2:3:4. These relations are of first rate importance 
in distinguishing the twin types. But this method shows that the various 
criteria have very unequal merit and significance as items in a diagnosis 
because fraternal pairs differ 3.9 times as much as identical pairs in 
ridge counts, 2.3 times in finger patterns, 1.7 times in palm patterns, 
and less than 1.5 times in palm lines and axial triradii. Perhaps the 
values might justifiably be weighted accordingly. 


Much practical help in determining the twin type in a particular pair 
isolated from the family is obtained by considering the homolateral dif- 
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ferences relative to the bilateral differences of any twins (taken as 100). 
In fraternal pairs the contrast between same and opposite side dif- 
ferences will be found conspicuous mainly in the finger prints, particu- 
larly in ridge counts, while in one-egg pairs the contrast is generally 
less, and should be looked for in the normally more asymmetrical apical 
patterns and palm characters, especially in the line terminations. 





(1) (2) (3) (4) 
Ridge Finger Palm Palm 
Differences counts patterns lines patterns 
Identical homolateral .......... 82 73 67 70 
NE EINE Sodowid a ice sanien wen 100 100 100 100 
Fraternal homolateral ........ 282 168 114 III 





The point merits some emphasis that a comparison of the relative 
amount of homolateral and bilateral difference in one and the same pair 
will commonly, though not invariably distinguish the twin type. For 
instance, in the 50 identical pairs, the homolateral difference was less 
than the bilateral in 42, and exceeded it in 8 cases. In the fraternal 
twin pairs, the same-side was less than the left-right difference in 6, 
equal to it in 2, and greater in 42 instances. This means, of course, that 
the trends regularly observed in massed data are by no means always 
followed closely in particular cases. Even in pairs of single sibs the 
left-right occasionally exceed the same-side differences; this is fre- 
quent in some families. 

The parental-filial relationship. Parents compared with their off- 
spring, either single or multiple born, exhibit slightly but consistently 
greater differences in all four respects than do the offspring taken inter 
se. This fact is already familiar from study of other characters (e.g. 
Lauterbach, ’25), and may indicate that some of the genes controlling 
the print characters will prove to be dominant-recessive rather than 
blending in their genetic behavior. 

Random pairs. The 150 thoroughly randomized pairings of un- 
related individuals (from the twin pairs) show much the same degree 
of difference as was found in the 15 married couples. These matings 
were not noticeably assortative. Most random pairs are quite unlike; 
a few may by chance be quite similar. The dissimilarity was less marked 
in ridge counts than in the other more variable characters ; the common 
average difference rises to about 50 percent, which is 2.6 times the 
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mean difference between monozygotic pairs. It may possibly be signifi- 
cant that random male-male pairs showed a definitely greater contrast 
in their ridge counts (41 percent) than did female-female pairs (30 
percent), the male-female pairs being intermediate (36 percent). 


Heterolateral differences 


In the group of identical twins the heterolateral differences resemble 
closely the bilateral ones, but were all slightly less than the correspond- 
ing left-right values (Meyer-Heydenhagen, ’34, p. 23). Considered 
from one point of view this may indicate mirror imaging in some of 
the identical pairs. In fact there are seven pairs in Newman’s series 
(nos. 9, 96, 94, 78, 79, 15, and 18) where the asymmetries are definitely 
complementary ; in this selected subgroup the heterolateral differences 
average 19.5 percent and the homolateral 25.7 percent the reverse of 
the usual relation. The remaining 43 pairs differ by 17.8 percent homo- 
laterally and 27.0 percent heterolaterally. 

In the fraternal twins and all the remaining groups the mean hetero- 
lateral differences definitely exceed both the bilateral and the homo- 
lateral. 

The quantitative relations of the three comparisons of the twin 
materials are well shown in a tabular form: 


TABLE 4 


Mean percent differences in print characters in hands of twins 








HOMOLATERAL HETEROLATERAL BILATERAL 
ED thin tices caper 18.9 26.0 26.9 
Fraternal............. 37.9 40.8 26.5 





These relations constitute a compact summary of the average dif- 
ferences in dermatoglyphics characteristic of the twin types (assuming 
that a third type does not occur). To this model conform 42 (84 
percent) of the fraternal pairs, and 33 (66 percent) of the identical 
pairs. An additional 9 pairs (18 percent) of the identicals show 
asymmetry reversal, as usually interpreted. In short in 84 percent of 
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the fraternals the homolateral and heterolateral differences exceed 
the bilateral, while in 84 percent of identicals either the bilateral and 
heterolateral exceed the homolateral or the bilateral and homolateral 
exceed the heterolateral difference. Thus, if these series are typical 
of twins, the conclusion seems permissable that the suggested routine 
study of dermatoglyphic features will correctly diagnose 84 percent 
of the pairs. The rules still require test in twin series diagnosed 
originally entirely without reference to print characters. 

It is only fair to add, as indicating the diagnostic limitations of this 
method, that an impartial application of the same criteria would pick 
as fraternal or doubtful the remaining pairs called identical (nos. 33, 
44, 17, 41, 60, and probably 53, 7, and 27—all of which are listed by 
Newman as among the less similar pairs). Among the fraternal pairs, 
nos. 65, 39, 45, 84, 20, and 48 would have to be classed as identical ; 
and no. 22, and possibly also 47, as identical with reversed asymmetry. 

That such exceptions to the general rule are not to be explained 
simply as so many errors in diagnosis is shown in the ampler data from 
entire families. Single sib pairs, which are unquestionably fraternal, 
and the parent-child comparisons supply the same sort of irregularities 
as do the twins called fraternal, and with about the same percentage 
frequency (Table 5). 

Two points are apparent; that the line of demarcation separating 
identical twins from all other groups is real but not sharp, and that 


TABLE 5 


Percentage frequencies of pairs showing differences in the order: 





BILATERAL & BILATERAL & HOMOLATERAL & OTHER 
HETEROLATERAL HOMOLATERAL HETEROLATERAL RELATIONS 
GREATER THAN GREATER THAN GREATER THAN BETWEEN 





HOMOLATERAL HETEROLATERAL BILATERAL DIFFERENCES 
Identical twins ... 66 18 8 8 
Fraternal twins .. 12 2 80 6 
Single sib pairs... 19 o 76 5 
Parent-child ..... 5 2 86 8 
Husband-wife.... 0 80 
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the compensatory asymmetries or mirror imagings, as in Table 5, second 
column, are about 18 times as frequent in identical pairs as in other 
groups, in which they are seldom found. 

Considered in a purely descriptive sense the data thus substantiate 
“asymmetry reversal”, but this term has come to connote commitment to 
special theories of twinning; an alternative interpretation of mirror 
imaging is possibly preferable in view of the relations shown in Table 4. 
Briefly, in identical twins the bilateral and heterolateral differences 
average only 7-8 percent greater than the homolateral, but in fraternals 
the bilateral differences are less than the homolateral and heterolateral 
by 11-14 percent; all of the differences vary greatly and rather fortui- 
tously ; and therefore irregular or atypical relations will be encountered 
oftener among identicals than among fraternals or other groups. For 
example, asymmetry reversal in an identical pair requires only sufficient 
fluctuation of homolateral and heterolateral differences (see Table 6) 
to overcome and reverse the 7 percent difference between them, the 
bilateral values remaining average. The calculated expectation of this 
occurrence is 20 percent and the observed frequency 18 percent. In 
fraternal twins or sib pairs, however, mirror imaging necessitates that 
the usual relations be disturbed in two ways simultaneously: (1) that 
bilateral and heterolateral fluctuations be extreme (and therefore rare) 
enough to reverse the large 14 percent differences between them, and 
(2) at the same time that homolateral and heterolateral values vary 
enough to reverse a 3 percent difference; the calculated coincidence 
expected here is 1.4 percent (observed 0-2 percent) ; similarly for the 
cases with three hands alike and one odd. In general the various ob- 
served combinations of relations (Table 5) are largely explainable on 
the basis of random coincidence. 


Range and distribution of the differences 


Even identical twins vary greatly from pair to pair in the amount of 
difference they show. For the 50 identical pairs the same side dif- 
ferences ranged from 2.8 to 34.5 percent; for the fraternal twins from 
22.3 to 60.5 percent; and for the 165 unrelated pairs from 22.4 to 88.7 
percent. The heterolateral differences spread even more. The 275 left- 
right differences likewise varied widely between 1.3 and 59.6 percent; 
since only two hands are here compared, the fluctuation is extreme. 
The arrays are given in Table 6. 
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The characteristic features of the distributions are the somewhat 
wider ranging and flatter curves for the fraternal, parent-child, and 
random pairs, indicating a genetic diversity in these which is quite 
absent in the one-egg pairs. If the distributions of homolateral dif- 
ferences for the identical and fraternal twin pairs be thrown together, 
there is no smooth overlapping of the curves, and allowing for erratic 
fluctuations the modes at least remain recognizable. 

Though the averages of the mean percent homolateral differences 
in the several relationship groups are distinct enough for practical use, 
the extremes of the groups so much encroach on one another that there 
is a zone where in fact all distributions overlap. Clearly no absolute 
values or limits can be set that will automatically separate the two types 
of twins into distinct categories. The twin pairs with less than 21 
percent difference in same side hands were identicals, though such 
approaches toward dermatoglyphic “doubles” are, at least theoretically, 
to be expected rarely among fraternal or random pairs. Since only 
5 identical pairs had more and only 8 fraternal pairs less than 30 percent 
homolateral difference, the following simple rule is suggested: [Jf a 
pair has no more than 30 percent homolateral difference in hands the 
probability is 84 percent that they are monozygotic; if they have more 
than 30 percent homolateral difference the probability is 90 percent that 
they are dizygotic. 


TWINS COMPARED WITH THEIR OWN PARENTS AND SIBS 


It has sometimes escaped notice that the severest and most practical 
test of such a diagnostic rule is not whether it will serve to distinguish 
between identical twins of one family and fraternal twins from some 
other family, but whether it will separate efficiently and decisively an 
identical pair from their own sibs, in whom the family likeness is 
evident. In an actual case the twin or multiple birth set may usually be 
compared with their parents and frequently also with older or younger 
sibs, and all of these members of the family with each other. Some 
sibships and families are found to be highly variable, and others almost 
monotonously uniform in prints, but the total range of variation within 
a family is ordinarily much less than in a large population, because the 
sample is smaller and the parents very seldom both segregate for the 
maximum number of genes controlling the various print characters. 

Comparisons being confined to the immediate family, twins judged 
identical by their resemblance in facial features, etc. have so far in- 
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variably shown the lowest homolateral difference of any pair in the 
entire family, and thus stand apart from the more or less continuous 
distribution of homolateral differences of the other pairs of the family. 
Fraternal twins, however, are as unlike as the other sib pairings and 
their difference falls among the inter-sib and parent-child values in 
general and within the same more or less continuous distribution. For 
instance in the Smith family, consisting of the parents, twin girls and 11 
other children, the twin difference was small (5.5 percent), as in mono- 
zygotics, while all the 77 remaining inter-sib and the 26 parent-child 
differences were relatively large and ranged continuously between 22 and 
78 percent. In all cases the rule has held that the homolateral difference 
is comparatively small in identical pairs. This substantially summarizes 
the results from the first 15 twinning family groups. It is still too early 
to say what residue of cases will prove too difficult to diagnose under 
these conditions. 

Employing the family unit seems to offer the same promise in twin 
diagnosis from prints, as it does from other characters. In general it is 
recommended as promising aid in the solution of various problems of 
twinning and of the inheritance of print characters that especial attention 
be directed to collecting dermatoglyphic records from entire families, 
rather than from odd individuals, or isolated twin pairs or multiple birth 
sets. 


MULTIPLE BIRTH SETS ANALYZED AS PAIRS 


Triplet and quadruplet sets are analyzed successfully by the same 
treatment. The Johnson triplets (Lund, ’33) are easily demonstrated 
as monozygotic, the three intra-triplet pairings, XY, XZ and YZ, having 
very definitely smaller homolateral differences in finger, palm and sole 
prints than any of the 51 other pairs in the whole large family. In each 
of two other newly studied monozygotic triplet sets the identical pair 
differences are also the three lowest in the family, but the distributions 
are not so sharply discontinuous; whether the separation in such cases 
will prove to be made more distinct by the inclusion of additional derma- 
toglyphic criteria is still to be determined. The Morlok quadruplet 
girls have no other sisters or brothers, and the parents’ prints were not 
obtained; but the six pairings within the set group together in a 
practically continuous distribution with a modal value like that for 
identical twins (see MacArthur and MacArthur, ’37; and Table 7). 
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Except in one case (C-D), the bilateral exceeds the homolateral differ- 
ence. 

In the higher multiple birth series the mutual relations of pairs within 
the set become of increasing diagnostic significance. The dizygotic 
triplet sets show one pairing identical (i.e. with low homolateral differ- 
ence and a greater bilateral difference) and both the others fraternal 
and scattered somewhere among sib differences generally. The Keys 
quadruplets, finger and palm printed by Dr. N. Ford, are quite con- 
vincingly differentiated as trizygotic; Roberta (A) and Mona (B) 
are as similar as an identical pair, but each shows a fraternal difference 
from both Mary (C) and Leota (D) as these do from each other 
(Table 7). The same-side difference exceeds the left-right in the 
fraternal pairings, but not in the identical pair. 

Identical pairs show equal resemblance (18-21 percent homolateral 
difference) whether they are born as twins or belong to triplet or quad- 
ruplet sets. 


TABLE 7 


Average percent differences in the six possible pairings among the 
Morlok (monozygotic) and the Keys (trizygotic) quadruplets 


(Identical pairs in italics) 








MORLOK KEYS 
Homo-  Hetero- Bi- Homo-  Hetero- Bi- 

lateral lateral lateral lateral lateral lateral 
Co eee 21.2 27.9 30.1 11.6 24.8 32.2 
OS a 21.3 25.8 30.2 31.2 24.9 23.2 
SS een 22.1 38.3 34.4 45-4 41.6 17.2 
as. dninss 12.7 25.1 22.0 428 378 27.2 
ae 21.0 26.4 26.3 45.6 41.4 28.3 
en 29.2 31.5 26.3 33.0 35.5 12.2 

Average 

(identical ) 21.25 29.2 28.2 11.60 24.8 32.2 
( fraternal) nina sei are 39.64 36.25 20.2 
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THE VALIDITY OF DIAGNOSIS OF TWIN TYPE BY PRINT CHARACTERS 


If the several rules for separating monozygotic and dizygotic twins 
by dermatoglyphic criteria are brought together it will be seen that they 
are really closely related and in good agreement. Taking a 30 percent 
homolateral difference as the dividing line the indicated probability of 
a correct diagnosis is from 84 to go percent (p. 16); when the twin 
pair is checked against their own sibs and parents the probability re- 
mains high (p. 17). Making the diagnosis according to whether the 
homolateral difference is less (identical) or greater (fraternal) than 
the bilateral (p. 13) gives a rule also applying in 84 percent of the 
pairs. The more complicated procedure involving comparison of the 
relative sizes of the homolateral, heterolateral and bilateral differences 
(p. 15) gives equal, but no greater, accuracy, even if the cases with 
compensating asymmetry (mirror imaging) are admitted as mainly 
monozygotic. It is to be emphasized that each of these estimates has 
been determined on the basis of comparisons of the hands alone, and 
of only the four regularly formulated characters from these hands. It 
would seem reasonable to expect greater accuracy and more selectivity 
if more print characters were included. 


ANALYSIS OF THE VARIANCE 


The heterolateral differences naturally should exceed both the homo- 
lateral and bilateral, when a pair differs genetically. Heterolateral 
differences exhibit in a sense the combined effect of all the factors, 
genetic and epigenetic, which tend to produce unlike prints. These 
factors include, besides error: (1) the indeterminism influence (environ- 
mental, etc.) acting generally, often simulating somatic segregation, 
and best measured quantitatively by the homolateral difference between 
genotypic duplicates; and superposed upon this, both (2) the asym- 
metry mechanism acting bilaterally in the development of the embryonic 
axes, and (3) the genetic factors causing additional differences between 
individuals of unlike genotype. 

The proportionate influence of these factors was determined statistic- 
ally from the relative sizes of the standard deviations calculated from zero 
(Dahlberg, ’26 p. 217), of the difference distributions in the series of 
relationship groups. The considerable role of environment (including 
error, etc.) in causing dermatoglyphic variation is indicated by 
the standard deviation (o = 20.8+2.08 percent) for the distribution 
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of homolateral differences in identical pairs, where hereditary differences 
are considered absent. The amount for which the asymmetry mechan- 
ism is responsible may be calculated by contrasting either the homolateral 
and bilateral differences in identicals (eo = 19.11.91 percent), or the 
homolateral and heterolateral differences in fraternals (0 = 15.31.53 
percent). Finally the large effect of varying a part of the genetic factors, 
as in fraternal twins, is shown by comparing either the identical homo- 
lateral and the fraternal homolateral distributions (¢ = 32.73.27 
percent) or the fraternal heterolateral and bilateral distributions (¢ = 
31.43.14 percent). For random pairs the hereditary influence is still 
greater accounting for differences corresponding to the standard devia- 
tion of approximately 45 percent. The same relative influence (heredity 
> environment and error > bilateral symmetry), and the marked signifi- 
cance of each, are demonstrable with an adaptation of Fisher’s method 
of analysis of variance. Obviously such determinations may be made 
for whatever slight sex influence there may be, and also for each of the 
dermatoglyphic characteristics separately. These points will be dealt 
with elsewhere. 


SUMMARY AND CONCLUSIONS 


The features usually formulated from hand or foot prints are especi- 
ally valuable as diagnostic characters go, since they are universally 
comparable regardless of race, sex, age, or surroundings. 

A wholly objective method is proposed and illustrated for comparing 
finger and hand (and toe and sole) prints or formulae so that the 
differences between hands or individuals in their dermatoglyphic charac- 
ters may be viewed collectively and stated quantitatively as a percentage. 

Data from an exploratory survey by this method show the averages 
and ranges of these differences in ridge counts, finger patterns, palm 
line terminations and axial triradii, and palm patterns, between left 
and right hands; and also the differences homolaterally and hetero- 
laterally between the hands of pairs of identical twins, fraternal twins 
of like sex, single sibs, parents and children, and unrelated persons. 
The mean of the separate percentage differences in the several print 
characters is taken as the measure of similarity. The findings agree 
with genetic expectations and with so many published data that the 
method appears reliable. 

The identical twins were in no case “doubles” in even the rather 
gross formulated characters of the finger and palm prints; in details 
each individual was unique. 
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Identical twin individuals show as much bilateral asymmetry (about 
27 percent difference) in their print characters as do fraternals; and 
twins in general probably as much as single born. This observation is 
inconsistent with certain theories of twinning. 

The homolateral difference increases as genetic relationship of the 
pair decreases, averaging 19 percent in identicals, 38-40 percent in 
fraternals, 44 percent between parents and children, and 48-52 percent 
between unrelated individuals. 

The corresponding heterolateral differences are larger, being approxi- 
mately 26 percent in identical pairs, 41-44 percent in fraternal twins or 
sibs, 45 percent between parent and child, and 53 percent between 
random pairs. 

Analysis of variance in the series studied shows that the finger and 
palm print differences are more powerfully influenced by genetic than by 
epigenetic factors. Among the latter the unanalyzed influences (error, 
early intrauterine environment, etc.) are of greater importance than 
the mechanism producing bilateral asymmetry. 

The probability of a correct diagnosis of twin type by the suggested 
routine comparisons of finger and palm prints is indicated by the follow- 
ing practical rules: 

(1) The homolateral difference was less than 30 percent in go 
percent of the identical pairs and greater than 30 percent in 84 percent 
of the fraternal twin pairs of like sex. 

(2) In 84 percent of cases, the homolateral difference was less than 
the bilateral in identical, and greater than the bilateral in fraternal twins. 

(3) In 84 percent of fraternal pairs both homolateral and hetero- 
lateral differences exceed the bilateral, while in the same proportion of 
identical pairs the bilateral and heterolateral exceed the homolateral, or 
(in case of “asymmetry reversal’’) the bilateral and homolateral exceed 
the heterolateral difference. 

In mixed sets of triplets or quadruplets the same rules hold and the 
identical pairs within the set are similarly separable from the fraternals,. 

Employing additional print characters makes the separation increas- 
ingly selective. 

It is suggested that the much more frequent occurrence of mirror 
imaging or asymmetry reversal observed in identical twins does not 
necessarily require adherence to the theory of twinning the terms 
imply, but may be largely explained as the result to be expected from 
the chance fluctuations of differences. 
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When the comparisons are made in all the possible pair combinations 
among the members of a single family containing identical twins or 
triplets the homolateral differences fall into two quite separate groups; 
those for monozygotic pairs stand distinct from the range of distribution 
of paternal or parent-child values, and the diagnosis of a pair is seldom 
left in doubt. 

This quantitative method appears to offer distinct promise as an 
improved means of distinguishing identical pairs or sets, when the 
print characters alone are available. Further test is recommended 
on print data collected from entire families containing twins or multiple 
births, and on twin series diagnosed entirely without the aid of derma- 
toglyphics.* 
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Journal of Heredity). 

(2) The method has since been used with the Dionne Quintuplets (MacArthur 
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(University of Toronto Press). 
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VARIATION IN THE SEX RATIO AT BIRTH 
IN THE UNITED STATES? 


BY ANTONIO CIOCCO 








==) NCLUDED with death and taxation, among the certain 

4, things to expect in a variable world is that more boys than 

i) girls are born every year in any sufficiently large population 

—_—j group. This fact has been given statistical recognition 

since the publication of Graunt’s observations, and by Siissmilch it was 
considered an illustration of a “divine order”. 

The numerical superiority of the males at birth, while always evident, 
varies in degree from period to period and place to place. The existence 
of this variation has spurred a host of population students to investigate 
its causes, in the hope also of obtaining a hint regarding the factors in- 
volved in sex determination. From the standpoint of general biology, 
the problem of sex determination was regarded as almost completely 
solved in the flurry of discoveries which marked the beginning of modern 
genetic investigations. Until a few years ago, research in genetics had 
apparently shown that the mechanism of sex production is rather simple 
since the determiners for sex are present in one particular pair of 
chromosomes, therefore called the sex chromosomes. The constitution 
of these chromosomes differs in the two sexes and in gametogenesis the 
gonads of one sex (the male in man) produce two type of gametes 
while the gonads of the other sex produce only one type. Random 
combination of the male and female gametes at fertilization would then 
have as a result, with equal probability, either of two kinds of zygotes, 
a male or a female. Further research in lower animals has shown that 
the process of sex determination is not quite as simple as this. It has 
been demonstrated, for example, that the sex of the zygote is not deter- 
mined by the constitution of the sex chromosomes alone, but also by 
that of the autosomal chromosomes (Bridges, 1932). In addition, ob- 
servations have been reported to indicate that in spite of the genetic 


* From the Department of Biology of the School of Hygiene and Public Health, 
Johns Hopkins University, Baltimore, Maryland. 





SEX RATIO AT BIRTH 37 


constitution, pathologic changes can alter the established sex as in 
Crew’s (1923) domestic fowl which was transformed from a broody 
hen to a potent rooster. Environmental factors such as temperature 
also can effect the sex of an animal notwithstanding the genetic constitu- 
tion. This is illustrated by the series of experiments made by Witschi 
(1934) who was able to reverse the sex of female tadpoles after the 
formation of the ovaries. 

With regard to man it must be assumed that the mechanism of sex 
determination is just as complex as it appears in other animals. How- 
ever, no direct evidence can be presented because for man no information 
is available regarding the proportion of the sexes conceived. Conse- 
quently, in human biology this problem has been approached indirectly 
from the study of the variation of the sex ratio at birth. So far, this 
approach has been successful only in demonstrating that the variation of 
the birth sex ratio does not admit of any simple explanation. Decades 
of effort at solving this problem have resulted in theories galore. 
Numerous observations have been recorded pro and con on any partic- 
ular theory and at present a mass of contradictory data has been accumu- 
lated through which a consistent thread is barely seen. 


To the published data this paper adds those derived from the 
official vital statistics of the United States, the main purpose being to 
arrive at a more definite conclusion regarding the demographic factors 
supposedly related to the fluctuations of the sex ratio. 


TREND OF THE SEX RATIO IN THE U. S. 


In the twenty years from 1915 to 1934 the sex ratio— number of live 
male births per 1000 live female births—in the Birth Registration Area 
has varied from 1053.2 to 1060.4 (Table 1). The unweighted mean 
for the twenty-year period is 1056.8 + .4.* From 1931 on there has 
been a slight decline; for the last four years, the mean ratio is 
1054.6 compared with 1057.4 for the preceding 16 years. However, 
this difference, relative to its standard error, does not seem significant. 

The slight declining trend observed in the annual birth sex ratio for 
all the Birth Registration Areas is not evident for the white population 
of the states which comprised the original Birth Registration Area. For 
these states, taken together, the annual ratio has oscillated from 1051.0 


* Unless otherwise stated, the standard error is the measure of dispersion used. 
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TABLE | 


Annual sex ratio of births in U.S.B.R.A. and in white population 
of original (1915) U.S.B.R.A. 











ALL BIRTHS, U.S.B.R.A. WHITE BIRTHS, U.S.B.B.A. 
YEAR (1915) 
Sex ratio No.of births Sex ratio No. of births 

1915 1055.4 776,304 1056.5 759,085 
1916 1057.2 818,983 1058.3 767,533 
1917 1058.4 1,353,792 1055.9 782,964 
1918 1058.4 1,363,649 1059.1 778,474 
1919 1056.5 1,373,438 1052.9 708,914 
1920 1056.9 1,508,874 1059.9 749,547 
1921 1058.8 1,714,261 1059.3 782,786 
1922 1056.5 7,774,911 1055.5 744,384 
1923 1056.7 1,792,646 1052.8 746,479 
1924 1057.8 1,030,614 1054.0 761,031 
1925 1060.4 1,878,880 1054.0 739,838 
1926 1056.7 1,856,068 1054.7 717,380 
1927 1058.5 2,137,836 1060.8 720,721 
1928 1057.2 2,233,149 1056.9 698,884 
1929 1056.6 2,169,920 1055.1 672,495 
1930 1056.0 2,203,958 1060.0 672,065 
1931 1054.5 2,112,760 1054.4 635,268 
1932 1053.2 2,074,042 1056.3 605,490 
1933 1055.8 2,081,232 1059.4 572,322 
1934 1054.8 2,167,636 1051.0 580,400 





to 1060.8. This variation is greater than that found for the total area, 
but the unweighted mean ratio for the twenty-year period differs very 
little from that noted for the total Registration Area. It is 1056.3 + .6 in 
the former and 1056.8 + .4 in the latter. 

The data presented in Table 1 do not seem to support the assumption 
that during wars or periods of economic and social upheaval there gen- 
erally occurs a marked alteration in the value of the sex ratio. Even 
though the United States was actively engaged in the war to the extent 
of having mobilized over 3 million men by November 1918, no marked 
change in the value of the sex ratio is to be noted at any time during or 
immediately after the war. There is a slight rise in 1917 and in 1918 
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but this may well have been entirely accidental since one of even greater 
magnitude occurs in 1921 and again in 1925. For the population of the 
original Birth Registration Area, there is a peak at 1920 and 1921 which, 
however, is in keeping with the oscillatory character of that series. 

The question of the relation between wars and increased masculinity 
has been debated for a long time. Diising in 1884 stated that it was a 
phenomenon frequently to be observed and reported its occurrence in 
Sweden following the war of 1788-90. Data on Holstein for the period 
before and after 1848 indicates the same. However, Gini (1908), 
among others, believed that an increased sex ratio during or following a 
war is a mere accidental occurrence since he did not find it for any of 
the countries involved in the Franco-Prussian war of 1870. The last 
World War permitted more accurate observations to be made and a 
curious fact appears. During and immediately after the war the sex 
ratio increased in all the belligerent European countries but it also in- 
creased in some of the neutral countries. Among the non-European 
belligerent countries, it did not increase in the United States as seen 
above, nor in New Zealand, according to Neale (1924). 

Savorgnan (1921) who has discussed the matter at length, believes 
that the increased sex ratio observed after a war is a consequence of pro- 
longed absence of the husband, greater interval between pregnancies and 
therefore better condition of the maternal organism to satisfy the re- 
quirements of the male foetus. This is a plausible theory on its face 
which, however, does not explain the increase in the sex ratio in such 
countries as Norway, Sweden and the Netherlands, with no army in the 
field and no obvious reason for prolonged absence of a large percentage 
of husbands. On the other hand, the fact that in the immediate post- 
war period there was a rise in masculinity more or less marked in a 
group of European countries cannot be dismissed as being insignificant 
even though it cannot be attributed to the interval between pregnancies. 
One of the effects of war common to belligerents and non-belligerents 
was the economic disruption that followed the end of hostilities. There- 
fore, one could speculate as Ploss (1858) did that relative malnutrition 
of the mothers is a selective agent which favors the male against the 
female foetus. In Saxony, during the period from 1834 to 1854 Ploss 
found high masculinity associated with years of famine. But Gini 
(1908) was unable to find any association between famine and increased 
sex ratio in the records for India during 1896, 1897 and 1900. In the 
United States the recent economic depression in its acute stage was 
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comparable to a condition of famine, but the sex ratio for the years 
following 1929 has not increased—if anything it has decreased. 
Explanations other than those based on the interval between preg- 
nancies or on relative malnutrition of the mother must be presented to 
explain the post-war increase in masculinity noted in certain countries. 


VARIATION BETWEEN STATES 


Records of the annual sex ratio for at least 10 years are available for 
33 states. Statistical constants of the sex ratio of white births com- 
puted for each state are presented in Table 2. 

The range of variation of the sex ratio in each state is greatest, as 
expected, for states with a relatively small number of births per annum 
and is least for the states with a large number of births. Thus, for 
Delaware, with about 4000 births per year, the sex ratio varies from 960 
in 1927 to 1112 in 1934. New York with about 200,000 births annually 
has had a sex ratio ranging only from 1051 to 1061 in these ten years. 

Due to the variation of the sex ratio in any one state during the ten- 
year period, the order of the states as given in the table is not of great 
moment. This in part can be deduced from the fact that the unweighted 
mean sex ratio for each state for the 10 year period does not differ 
significantly from the mean for all the states combined. Moreover, 
when each of the 33 states is ranked according to the unweighted mean 
sex ratio for the two five-year periods 1925-29 and 1930-34, the rank 
correlation for the two periods is + .37 + .10. Although positive and 
of moderate size, the value of this correlation does not have much signifi- 
cance when the probable error is taken into account. However, there is 
a group of states that for both five-year periods has consistently had 
lower than average sex ratio and there is another group that for the 
same two periods has had a sex ratio above the average of that for all 
the states combined. In the first group of states are included Virginia, 
Maryland, Massachusetts, New York, Indiana and Vermont. In the 
second group are Iowa, Ohio, West Virginia, Illinois, Maine, Connecti- 
cut, Kansas, Florida, Kentucky, Nebraska, North Dakota and Montana. 
Each of these two groups includes states with contrasting geographic and 
climatic conditions and different degrees of industrialization and urban- 
ism. For example, among the states with above average sex ratio Maine 
and Florida represent the extreme north and south, Connecticut and 
Nebraska are typical examples of industrial and of agricultural economy, 
respectively. At the same time two states with similar climatic or other 
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geographic or economic conditions are found in opposite groups, thus 
Ohio and Indiana, Maine and Vermont, New York and Connecticut. 

It is to be noted that the white population of the combined group of 
states with a sex ratio consistently below the average shows a slightly 
higher mortality, as measured by the crude death rate and the infantile 
mortality rate, than the white population of the group of states with a 
sex ratio consistently above the average for the period mentioned. In 
the total group of 18 states, for the years 1925 to 1933, the mean annual 


TABLE 2 


Statistical constants of sex ratio of births to white population of 33 
states from 1925 to 1934 


(Total number of births in decennium = 15,671,027.) 
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Mass 1052.5 1.47 1043 1060 Iowa 1059.5 02 1049 1069 
Wash. 1052.5 1.47 1027 1067 Conn. 1060.0 13 1034 1080 
Vt 1054.0 1.15 1014 1099 Del. 1060.0 13 960 I1I2 
N.J 1055.0 94 1042 1079 W.Va. 1060.0 13 1047 ~=1060 
Md 1055.0 .94 1018 1069 Wisc 1060.5 23 1045 1073 
Ore 1056.0 72 1033 1082 Kan. 1060.5 .23 1030 1087 
Miss 1056.0 72 1026 1088 Ohio 1060.5 23 1047 1067 
Wyo 1056.0 72 1030 1087 Ill. 1061.0 34 1044 1075 
| i 1057.0 51 «105I 1061 N.H. 1062.0 55 1038 1006 
Cal 1057.0 -+5I 1043 1068 Utah 1062.5 66 1027 1096 
Pa. 1058.0 30 1042 1067 Mont 1063.0 77 1043 1082 
Maine 1058.0 30 1042 1080 N.C. 1067.0 1.62 1048 1083 
Ind. 1058.0 30 1040 1065 Neb. 1067.5 1.72 1047 1085 
Va. 1058.0 30 1031 1071 N.D 1068.0 1.83 1046 1005 
R.I. 1058.5 IQ 1022 1072 Ky. 1071.5 2.57 1057 1083 
Minn. 1059.0 .02 1040 1075 Fla. 1073.0 2.89 1037 1092 
Mich. 1059.5 02 1046 1065 All States 1059.48 





* Mean sex ratio for state — mean sex ratio for all states 





Standard error of difference 
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number of deaths for 1000 persons was 60.1 + 1.5. For the combined 
six states with below average sex ratio this rate was 61.7, while for the 
twelve states with above average masculinity at birth, the mean annual 
number of deaths for 1000 persons equalled 59.2. Similarly, in the 
former group the mean annual number of deaths below age I year per 
1000 live births was 12.0, and in the latter group it equalled 10.4, while 
for all 18 states combined it was 10.9 + .4. However, for both the 
crude death rate and the infantile mortality rate, the deviation of the 
mean of each group from that of the total is not statistically significant 
since it can be due to chance. The lack of association between variation 
in masculinity at birth and the mortality rates in the population is demon- 
strated also by the fact that a change in the sex ratio is not reflected by a 
change, in the same or opposite direction, of the crude death rate and 
the infantile mortality rate. Between the period of 1925-29 and that of 
1930-34, in 20 states there was a decrease in the mean annual sex ratio 
of the births to the white parents, in 13 states there was either no change 
or else an increase. The mean difference between the crude death rate 
of the two periods was —10.5 + .g per thousand in the former group of 
states and —9.0 + 1.1 per thousand in the latter. The mean difference 
between the infantile mortality rate of the two periods equalled —.6 + .2 
per thousand in the former group and —.5 + .1 per thousand in the 
latter group of states. In other words, both the crude death rate and the 
infantile mortality rate have decreased in the two groups of states. For 
each rate the amount of decrease has been practically equal in the popu- 
lation of two groups of states compared notwithstanding that the mas- 
culinity of the births has decreased in one group and increased in the 
other. 

From all this, it seems reasonable to conclude that the sex ratio is not 
significantly and regularly influenced by the geographic, climatic or other 
demographic differences to be found between the states in this country. 
This is in agreement with the general observations made in Italy and 
France (Gini, 1908), although for the latter country it has been stated 
that the sex ratio was lower for coastal departments and higher for those 
of the interior. 


SEASONAL TREND 


The month of birth and consequently the month of conception seems 
to have a doubtful, if any, influence on masculinity. This is evident in 
Table 3 where the monthly sex ratio has been calculated for two five- 
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TABLE 3 
Monthly sex ratio for two five-year periods: 1925-29, and 1930-34 
in U.S.B.R.A. 
(Total births 1925-29 = 10,275.853. Total births, 1930-34 = 
10,639,628) 
MONTH SEX RATIO MONTH SEX RATIO 
1925-29 1930-34 1925-29 1930-34 
January .... 1061.3 1056.0 July ess 1059.9 1061.7 
February .... 1054.8 1048.3 August «+++ 1059.0 1051.0 
March wwe Se 1051.5 September .... 1057.0 1056.1 
April cose SES 1056.4 October .... 1054.3 1053.8 
May wes 1059.9 1057.7 November .... 1057.1 1050.5 
June eee- 1063.5 1060.7 December .... 1054.1 1054.3 
Tora. .... 10578+.6 1054.9+.6 





year periods, 1925-29 and 1930-34, for all the births in the Registration 
Area. 

The table shows that from February until June and July there is an 
increase in the sex ratio. Thereafter there is a decrease until a low level 
is reached in October-November, then another increase to a secondary 
peak in January. The monthly oscillations fall well within the expected 
deviations from the sex ratio of the total. This is in accord with obser- 
vations of Lewis and Lewis (1906) who examined data from different 
sources and found no evidence of a consistent seasonal trend. For the 
data shown in Table 3, the consistency between the two five-year periods 
is more apparent than real since actually the trend in the sex ratio from 
month to month is in disagreement four times out of 12. It is to be 
noted here that Table 3 also brings out clearly the decline in the sex 
ratio after 1930. For the period of 1930-34 the sex ratio for each 
month, except one, is lower than the ratio for the corresponding month 
of the 1925-29 period. 


URBAN AND RURAL 


Comparison of the urban and rural sex ratios for the two periods 
1925-29 and 1930-34 indicates that there is no significant difference 
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between the two types of population (Table 4). The urban births, in 
fact, exhibit a slightly higher sex ratio for the two periods. 


TABLE 4 


Urban and rural sex ratio for two five-year periods: 1925-29 and 
1930-34 in U.S.B.R.A. 








YEARS SEX RATIO 
Urban Rural 

Ceres 1057.9+.9 1057.8.9 

eee 1055.9.9 1053.9.9 





This is in disagreement with the observations reported elsewhere. 
Diising (1884) in Prussia, Lewis and Lewis (1906) in Scotland, Russell 
(1936) in England, and others are all in agreement that the sex ratio is 
higher in the rural districts of the country and lower in the urban. 
Moreover, Russell claims that this is also to be observed in the United 
States during the period 1927-29. However, a check of his figures 
shows that the statement is probably based on a computing error. For 
that period, he found a sex ratio of 1057 + 1.20 for the urban and one 
of 1064 + 1.15 for the rural areas. Recalculation shows that the two 
sex ratios are respectively 1057.2 + 1.2 and 1057.6 + 1.1. 


The lack of relationship between urbanization and sex ratio was also 
noted by Vigor and Yule (1906) for England and Wales, but they 
believed that the sex ratio increases and then decreases as one passes 
from the smallest to the largest urban areas. In other words, the largest 
towns and the most rural areas are supposed to have a higher masculinity 
than the provincial and semi-urban towns. Bearing on this point, we 
can utilize the data which classifies the place of birth into urban (cities 
of 10,000 or more), incorporated places (cities of 2500 to 10,000) and 
rural districts. For the period of 1930-34 the sex ratio, in order for 
the three types of population, is 1055.9 + .9, 1054.4 + 2.1, and 1053.8 
+ 1.0. There is a slight but insignificant trend towards a decline in the 
sex ratio in relation with decrease in urbanization. In sum, in this 
country the effect of urbanism on the sex ratio is entirely negligible. 
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The higher masculinity of rural births, accepted as universal, has 
been regarded as confirmatory of the theory that the sex ratio at birth 
is primarily a function of reproductive wastage. This conclusion is 
based on the assumption that abortions and stillbirths are more frequent 
for urban than for rural mothers. Official statistics on this point are 
fragmentary but it will be recalled that Quetelet (1835), for one, 
established that the ratio of stillbirths to live births is higher for urban 
than for rural mothers. Recently Alberti (1934) reported a higher 
abortion rate in a sample of urban Milanese women when compared to 
rural women. Taussig (1936) cites similar results obtained on samples 
of Russian and of Czechoslovakian women. In the United States the 
stillbirth statistics are rather unsatisfactory, however it is noted that the 
ratio of stillbirths to live births has always been higher in the urban than 
in the rural areas. In 1930, for example, in the urban areas among the 
white population there were 3.6 stillbirths for 100 live births and in the 
rural 3.2. Among the colored population the ratios, in the same order, 
were 8.6 and 7.5. A similar difference between urban and rural popula- 
tion is observed when the frequency of puerperal mortality due to 
abortions is taken as an indication of the frequency of abortions. Ac- 
cording to the information collected by the Children’s Bureau of the 
U. S. Department of Labor the mortality rate from abortions in their 
sample was 22 per 10,000 live births in the cities ,and 12 per 10,000 in 
the country. 

In sum, while for the United States all available data point to a 
greater reproductive wastage in urban than in rural areas, contrary to 
observations made in other countries, masculinity is not lower in urban 
than in rural areas. Such being the case a doubt arises as to whether 
the conclusion is tenable that the birth sex ratio depends essentially on 
reproductive wastage. 


RACE(COLOR) AND NATIONALITY OF PARENTS 


In Table 5 are presented separately the sex ratios of the births, to 
parents both of whom are native white, colored, Austro-Hungarian, 
Italian, Irish, Russian, Polish, and to parents one of whom is native and 
the other belongs to one of the five mentioned foreign stocks. 

The five foreign nationalities were chosen because they represent those 
producing annually the largest numbers of births. For the four periods 
1917-19, 1920-24, 1925-29 and 1930-34, the sex ratio of the colored 
births has been definitely and consistently lower than that of births to 
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TABLE 5 
Sex ratio of births in U.S.B.R.A. according to race(color) and 
nationality of parents 
RACE(COLOR) AND SEX RATIO 
NATIONALITY OF PARENTS 1917-19 1920-24 1925-29 1930-34 





Native white X native white 1061.6% 1.4 106882+0.9 1063.2+ 08 1059.2+ 08 


SESE ee eens 1028.0+ 4.2 1034.0%2.5 1036.2 2.1 1033.1 1.9 
Austro-Hungarian X 

Austro-Hungarian ..... 1058.5 4.7 1063.2%4.5 1048.0+ 6.1 1056.5+ 9.9 
Eg eee 1038.6+10.6 1042.2+8.5 1064.3+ 9.2 1076.0+ 9.8 
Italian X Italian ......... 1038.8 4.2 1035.9%3.1 1034.8+ 3.5 1032.3 48 
Oe I eins cine 1066.5 9.4 1055.4%4.8 1048.7+ 5.6 1044.3% 8.5 
Russian X Russian ....... 1063.3 5.0 1063.3%4.9 1067.74 62 1050.8+ 9.0 
Austro-Hungarian X 

native white ........... 1081.7+11.7 1080.8+8.4 1054.6+ 82 1063.0+ 9.5 
Irish X native white ...... 1063.3212.7 1064.4+9.5 1046.210.2 1046.911.2 
Italian X native white ..... 1060.2+11.2 1043.8+6.3 1054.2 5.4 1045.42 5.6 
Polish X native white ..... 1065.7+20.9 1058.6+9.5 1056.9+ 8.7 1043.5 9.4 
Russian X< native white ... 1059.72%11.8 1062.62+8.4 1061.2 7.7 1063.3 82 





white parents, one or both natives of the United States. Except for the 
births to Italian parents, the sex ratio of the colored births has also been 
lower than that of births to white parents both of whom are foreign. 
The sex ratio of the offspring of native white parents occupies an inter- 
mediate position when compared to the sex ratio to parents of other 
nationalities. A phenomenon which confirms observations made else- 
where is the reduction in the masculinity of births to Italian parents in 
this country when compared to the sex ratio of births in Italy. In this 
country they demonstrate almost always the lowest masculinity. In the 
four periods, the sex ratio of births to Italian couples is always lower 
than that for the births to Italian native couples. The same is to be 
observed for the births to Austro-Hungarian couples but it does not 
occur regularly for the Irish, Polish or Russian stocks. Since the 
latter two groups have a large proportion of Jews it is unknown how 
many of the mixed couples, i.e. Russian or Polish X native are really 
mixed. 

The higher masculinity of the hybrid births is not so striking here 
as it is for the population of Buenos Aires studied by Pearl and Pearl 
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(1908). Nevertheless, it is interesting to note that in 13 of the twenty 
comparisons, the sex ratio is higher in the hybrid. In five of the remain- 
ing seven for which the sex ratio of the hybrids is lower, the sex ratio of 
the “pure” foreign bred is also higher than that of the “pure” native. 
This is seen more clearly in Table 6. 

Here for each foreign group, the difference in sex ratio between the 
“pure” bred and the hybrid has been compared to the difference between 
the “pure” bred and the native. In 18 of the twenty comparisons, the 
signs of the two differences are the same. It would seem then that the 
level of the sex ratio of the hybrid results from a mixture or combination 
of the levels of the sex ratios characteristic of the national groups to 
which the parents belong. 

These findings cannot be adequately explained without having re- 
course to speculation. All realize that the term “native” has not the 
same biologic meaning for the population of this country that it has for 
the populations of older countries. In particular it is to be remarked 
that the native born person who marries a foreign born person is often 
of the same stock as the foreign born, so too much value cannot be given 
to the observations made on hybrids, even though the consistency of 
the results are interesting. There is plainly a suggestion here of the 
existence of a constitutional factor in masculinity. 


The belief that the observed sex ratio of birth is primarily a function 
of reproductive wastage might seem to be supported by the data on the 
sex ratio of colored births. However, this would mean that the repro- 
ductive wastage is about as great in the colored as in the immigrant 
Italians, an assumption which is contrary to what facts there are. The 
only data available bearing on this point are the statistics on stillbirths. 
These show that from 1922 to 1934 the number of stillbirths per 100 live 
births is 4.4 for the Italian mothers and 7.4 for the colored. The dif- 
ference is statistically significant and emphasizes again that reproductive 
wastage is probably not as important a causal factor of masculinity as 
has been generally assumed. 

The repeated observations regarding the low sex ratio in migrant 
Italians seems to be of particular importance inasmuch as it indicates 
some environmental factor which affects masculinity. Such a factor 
does not affect the maternal organism alone but the paternal as well. 
This is clearly seen from the data on hybrid Italian births. The bulk 
of mixed Italian native marriages in this country is due to Italian men 
marrying native women. This suggests that the men may be at least 
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partly responsible for the relative low sex ratio of the births to these 
couples. 


ILLEGITIMACY 


Data on the sex ratio of illegitimate births are available in this 
country only for the years after 1925. For the periods, 1926-29 and 
1930-34, the sex ratio for all the illegitimate births has been 1033.4 + 
4.4 and 1039.9 + 3.4 respectively. These are significantly much lower 
ratios than those found for the general population. In other countries 
the same phenomenon has been repeatedly observed. Heape (1909) 
reported it in Cuba, and Diising (1884) in Prussia among others. How- 
ever, Russell (1936) does not find it in England nor did Srdinko (1908) 
observe it in Austria. 


TABLE 7 


Sex ratio in illegitimate white and colored births in U.S.B.R.A., 
1926-29 and 1930-34 


(Total number of white births = 285,709. Total number of 
colored births = 306,659.) 








YEARS SEX RATIO OF ILLEGITIMATE BIRTHS 
White Colored 
EG —s kad ctdcnnvdges 1056.4+6.3 1018.96.1 
Re eer rer 1060.15.1 1022.7+4.6 





The low sex ratio for illegitimate births in the United States is more 
apparent than real. It results from an abnormal composition relative 
to race(color) of the population reproducing when not in wedlock. 
Among all births, legitimate and illegitimate together, 10 percent were 
colored in 1926-29 and 13 percent were colored in 1930-34. Instead, 
among the illegitimate births there were respectively 49 and 54 percent 
colored in the two periods. If the white and colored illegitimates are 
considered separately the sex ratios shown in Table 7 are obtained. 

For the white population, the sex ratio of the illegitimate births is 
certainly not any lower than that of the general population, while that 
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for the colored illegitimates it is only insignificantly lowered. It is clear 
then that illegitimacy and associated social conditions cannot be held 
responsible in this country, at least, for variation in the sex ratio. 

The lower sex ratio of illegitimate births observed in other countries 
has been regarded due to the higher frequency of abortions and mis- 
carriages associated with illegitimacy. Relative to this hypothesis the 
same remarks are applicable as those made in discussing urbanism and 
masculinity. 


ORDER OF BIRTH 


There is almost universal agreement that the sex ratio is higher 
among the first born and lower in the subsequent births. This fact has 
been established by a number of writers and for a number of countries. 
Lewis and Lewis (1906) found it in Scotland, Savorgnan (1933) has 
reported it for Italy, Holland and Prussia. 

For the United States during the period of 1925-29 the sex ratio, as 
shown in Table 8, decreases regularly with increase in the birth order. 
It is thus in agreement with the general observations. As an explana- 
tion, students of the subject as usual believe that it is due to the fact that 
multiparae have a greater reproductive wastage than primiparae, and 
that the maternal organism is generally in better physiological condition 
before the first birth than after a series of pregnancies, especially if 
these occur at short intervals. 


AGE OF PARENTS 


Since the report of Hofacker in 1827 and that of Sadler in 1830, 
the relation between age of parents and sex ratio of births has received 


TABLE 8 


Sex ratio according to order of birth in U.S.B.R.A., 1925-29 





BIRTH ORDER SEX RATIO 





Dee iesaiacases cieen ees 1063.2+1.2 
ir ccare Ren aaacees 1059.9241.5 
- veoh sGeceneteesn ne 1059.0+1.8 
AY. <she clenctbins dwemmanscee 1053.32.1 
Se ee 1051.0 1.4 
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considerable attention. Numerous observations have been reported. 
Some indicate that the older the parents, the lower the male sex ratio, 
others do not justify this conclusion. The data for the United States 
are presented in Tables 9 and Io. 


TABLE 10 


Sex ratio of births and age differences between fathers and mothers 





AGE SEX RATIO 
DIFFERENCE 1017-19 1920-24 1925-29 1930-34 





Father and mother 


eS rer 1060.641.8 1059.9%1.2 1059.61.11 1056.5-t1.1 
Father older 

than mother ......... 1057.0+1.6 1055.21.1 1058.521.0 1055.32t1.0 
Father younger 

than mother ......... 10S8.1tS.1 1059.5%3.5  1056.3%3.5  1054.8%3.4 





It is apparent that there is no consistent trend in increase or decrease 
in the sex ratio relative to the ages of the fathers or mothers. When the 
material is grouped into two age classes only—below 30 and above 30 
years—it does appear that that the younger parents have a higher sex 
ratio than the older. The differences are consistent and are significant 
for all periods except 1917-19. 

Some writers believe that the relation between age of parent and sex 
ratio is manifest for the fathers rather than for the mothers. Our data 
cannot be used to support any such conclusion, since for both fathers and 
mothers, when the ages of either are kept constant, there is irregularity 
in the relationship between age of parent and relative masculinity. 

With regard to the relative ages of the father and mother, the data 
for the United States indicate that the male sex ratio is higher when the 
father and mother are of the same age (to five-year class units), and 
slightly but not significantly lower when the ages of the fathers and 
mothers are unequal. These data thus do not fall in line with the ob- 
servations of Hofacker, Sadler and others who have alleged that the sex 
ratio was lowest when the fathers were younger than mothers, and high- 
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est when this situation was reversed. If the differences were statistically 
significant, the findings reported here would be in agreement with the 
observations of Stieda (1875) who found that the highest sex ratio was 
obtained when father and mother were of the same age. The effect of 
the age of the parents on the sex ratio of births, even when found, has 
not received a consistent explanation. Some believe that it is due to 
association between parental age and other factors such as parity of 
birth, others assume that it is due to age changes in the quality of either 
the ova or spermatozoa. 


STILLBIRTHS AND ABORTIONS 


Statistics on stillbirths and abortions are in general defective for a 
number of reasons. For example, the definition of stillbirths varies 
from place to place and even in the United States it differs for a number 
of states. Information regarding abortions is usually not available be- 
cause there is no registration requirement. Moreover in the very early 
months of pregnancy abortions can often occur unobserved. Relative 
to the sex ratio of stillbirths and abortions there is the added difficulty 
that the sex of the foetus cannot be recognized until the sixth or seventh 
week of life and even after that age there are sometimes uncertainties. 
In spite of these obstacles in obtaining adequate data, it is a well estab- 
lished fact that intra-uterine mortality is higher for the male than for 
the female. This is deduced from numerous observations which indi- 
cate that there are born dead from 1250 to 1350 males for every 1000 
females (Schultz, 1918). It has also been shown repeatedly that the 
masculinity of the stillborn is higher for abortions in the early periods 
of uterogestation and decreases with duration of pregnancy. 

While for the whole of the United States population statistics on 
stillbirths and abortions are as defective as in most countries, a laudable 
attempt has been made to obtain reliable and comprehensive information 
in a selected area. This comprises seven states: Connecticut, Illinois, 
New Jersey, New York, Oregon, Washington and West Virginia; the 
District of Columbia and Baltimore, Md. In Table 11, data on the sex 
ratio of stillbirths according to the duration of uterogestation are pre- 
sented for the population of this selected area for the years 1925 to 
1929, 1930 to 1934 and for the 10 years 1925 to 1934. 

From Table 11 it is seen that in the ten-year period among all the still- 
births whose sex was recognized there were 1330.3 males for every 1000 
females. It will also be noted that the sex was recognized in only a 
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TABLE 11 


Sex ratio of stillbirths in a selected area of the United States classified 
according to period of uterogestation, 1925-20, 1930-34 and 1925-34 





PERIOD OF STILLBIRTHS, 1925-29  STILLBIRTHS, 1930-34 STILLRIRTHS, 1925-34 





UTEROGES- Sex Sex Sex Sex Sex Sex 
TATION IN ratio recognizedin ratio recognizedin ratio recognized in 
MONTHS No. Percent No. Percent No. Percent 





Under 2 1153.8 28 14.7 3500.0 54.6 C87 2280.0 82 10.1 
2 4333-3 192 308 4300.0 371 26.4 4311.2 563 27.8 


3 3639.1 1067 67.1 3586.0 1321 60.5 3610.0 2388 63.2 
4 2008.8 2947 90.6 1942.1 3454 88.7 2012.2 6401 89.5 
5 1419.7. 6267 97.7 1372.9 6274 97.2 1306.1 12541 97.4 
6 1266.6 8960 99.0 1189.2 8897 99.0 1227.4 17857 99.0 
7 1150.7 11276 90.4 1098.9 11833 99.3 1124.0 23109 909.4 
8 1220.9 12064 90.6 1267.0 16839 909.6 1247.5 28903 99.6 
9 1356.9 39881 90.8 1333.4 20051 99.7 1346.9 68032 908 

10 and over 1389.6 1609 99.7 1251.1 1058 99.5 1332.8 2667 909.6 

All still- 

births in- 

cluding 1341.4 94964 97.8 1318.4 86584 96.0 1330.3 181548 96.9 

those of un- 

known period 





small percentage of the stillborn in the early months of uterogestation. 
This fact emphasizes the necessity for caution in accepting these observa- 
tions. However, it should be noted that when the sex ratios of 1925-29 
period are compared to those of the 1930-34 period there is remarkable 
close agreement except for the ages at the two extremes of the series. 
It is possible then to combine the data for the two periods. For the 
ten years taken together, it appears that from the second to the fifth 
month there is a rapid decline in the masculinity of the stillborn, from 
the fifth to the seventh month the decline continues but is slow and after 
the seventh month there is a slight increase. The greater masculinity 
among the stillborn of 8 to 10 months is attributed usually to a greater 
liability of the male to birth injuries. 

The figures given in Table 11, agree in general with those published 
by Auerbach (1912) based on statistics of Budapest. Schultz (1918) 
however, believes that Auerbach’s figures are exaggerated due to error 
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in recognizing the sex of the foetus. In Schultz’s sample of about 600 
foetuses, he obtained a sex ratio of 1237, 1105 and 1081 among the 
stillborn in the third, fourth and fifth month respectively. These ratios 
are much lower than those presented here. Schultz assumes also that 
for every 100 live born there are 4 stillborn at 8-10 months, 9 at 4-7 
months and 14 at 3 months or less and on the basis of these data arrives 
at the conclusion that 1084.7 males are conceived for every 1000 females. 
Adopting these same assumptions—which are derived from the clinical 
experience of well known obstetricians—from the figures given in Table 
II it would result that 1372.2 males are conceived for every 1000 
females. This primary sex ratio is much higher than the estimates 
ranging from 1080 to 1164 reported by other writers. Since this figure 
and the others reported are only estimates each based on assumptions 
far from secure and on data not entirely reliable, it seems unnecessary 
to attempt to explain the apparent discrepancy. 

If variation in the sex ratio at birth is primarily a function of varia- 
tion in intra-uterine mortality it would be expected that, for any given 
population, whenever there occurs a secular decrease in the masculinity 
of live born there should occur a corresponding increase in the stillbirth 
rate and in the stillbirth sex ratio, and vice versa. As it has been said, 
in this country not all the states have adopted a uniform registration 
method for stillbirths, therefore inter-state comparisons are not valid. 
It is possible to compute for each state separately the riumber of times 
that, in two successive years, the stillbirth rate per 1000 total births on 
the one hand, and the live birth sex ratio on the other hand, have both 
increased or decreased concurrently, and the number of times that one 
has increased while the other decreased. If there is a covariation be- 
tween these two indices, positive or negative, the relative frequency of 
either of these two conditions should deviate significantly from 50 
percent. 

The covariation between live birth sex ratio and stillbirth rate in the 
10 years from 1925 to 1934 has been calculated in this manner for the 
white population of the 33 states mentioned in Table 2. Since no in- 
formation on the stillbirth rate is available for California in 1930, there 
is a total of 296 possible changes. Excluding instances when either the 
live birth sex ratio or the stillbirth rate has not changed between two 
successive years, this total is reduced to 236. In 120 or 50.8 percent of 
the 236 possible changes, it is found that in two successive years both 
the live birth sex ratio and the stillbirth rate have either increased or 
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decreased together. In 116, or 49.2 percent, concurrently with an in- 
crease in one of these indices there occurred a decrease in the other. 
Neither of these two percentages differs significantly from 50 + 3.3 
percent, the expectation on the basis of chance alone. Therefore it may 
be concluded that successive changes in the live birth sex ratio are not 
associated in direction with successive changes in the stillbirth rate. 

Analysis of the covariation between the annual live birth sex ratio 
and the annual stillbirth sex ratio leads to similar results. In this case, 
data on the white population of the same states but from 1925 to 1930 
only have been utilized. In two instances one or the other of the indices 
did not alter between two successive years. With these excluded, there 
remain 163 possible changes. It was found that in 77 instances, or 47.2 
percent, both the live birth sex ratio and the stillbirth sex ratio increased 
or decreased together between two successive years. In 86 instances, 
or 52.8 percent, one decreased while the other increased. Neither of 
these percentages is significantly different from 50 + 3.9 percent. 

From these observations it seems safe to conclude that the annual 
changes in the live birth sex ratio do not reflect annual changes in either 
the stillbirth rate which measures the extent of intra-uterine mortality 
or in the sex ratio of the stillborn, presumably a measure of the vitality 
of the male foetus. These findings by no means exclude intra-uterine 
mortality as a causal factor in the variation of the sex ratio at birth, but 
they certainly seem to indicate that it is not the only or perhaps even 
primary factor. 


SUMMARY AND DISCUSSION 


A survey of the variation of the sex ratio at birth in the United 
States and of the relation of this variation to a number of other demo- 
graphic conditions allows us to discard some of the factors that from 
time to time have been regarded as causally concerned with changes in 
the sex ratio. They include such variables as degree of urbanism, legi- 
timacy of birth, season of the year and age differences between the 
parents. If these elements are ever actually associated with an in- 
creased or decreased sex ratio it must be concluded that the interrelation- 
ship is neither constant nor necessary. 


This conclusion is deduced from the following observations : 


(1) There is no significant difference between the sex ratio for 
urban and for rural populations. Not only is there no indication of an 
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increased sex ratio in rural areas, but the data for the United States 
show that the urban population has a very slight, if insignificant, 
superiority. 

(2) The sex ratio for illegitimate births is practically equal to that 
for legitimate births when race(color) is taken into account. 

(3) While the monthly variation in the sex ratio apparently demon- 
strates high points in June-July and January and low points in Feb- 
ruary and October-November, the amplitude of the fluctuations cannot 
be regarded as statistically significant. 

(4) No significant difference could be found in the sex ratio of 
births when the parents were of the same age and when they were of 
different ages. 


The data presented here give indirect evidence to indicate that in 
the United States, neither war, nor economic upheaval, nor climatic and 
geographic differences, nor general mortality and infant mortality, nor 
variations in the stillbirth rate and in the stillbirth sex ratio, is causally 
related to fluctuations in the sex ratio, as many workers have assumed. 


It has been shown that: 


(1) The sex ratio for the United States population was not altered 
in the period following the World War. 

(2) The rise of the sex ratio theoretically to be expected on certain 
current views during the recent economic depression did not take place. 

(3) Comparison of the annual sex ratio in 33 states shows that 
geographic and climatic conditions, as varied as those to be found in the 
United States are not significantly related to masculinity. 

(4) In the population of 20 states for which the sex ratio decreased 
between 1925-29 and 1930-34 there occurred a decrease in the crude 
death rate and in the infantile mortality rate equal in amount to the de- 
cline observed in the population of 13 states for which the sex ratio either 
remained unchanged or increased between the two periods mentioned. 

(5) For the population of 33 states it is found that there is no 
association, either positive or negative, between annual changes in the 
live birth sex ratio and annual changes in the stillbirth rate and in the 
stillbirth sex ratio. 


In relation to variation in the sex ratio in this country the following 
observations seem of importance. On the basis of the birth statistics 
of recent years, it appears that: 
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(1) Since 1930 there has been a slight decline in the sex ratio. 

(2) The sex ratio of colored births is consistently and markedly 
lower than that of births to native white parents. 

(3) The sex ratio of births to parents one of whom is of a certain 
foreign stock and the other is native born, is higher than the sex ratio 
of births to parents both of whom are of that certain foreign stock 
when the sex ratio of the latter is lower than that of births to native 
parents. When this situation is reversed, then the sex ratio of births 
to parents one of whom is of a certain foreign stock and the other 
native born is generally lower than the sex ratio of births to parents 
both of whom are of that particular foreign stock. 

(4) The sex ratio decreases as the order of birth increases. 

(5) The relation between the age of the parents and the sex ratio 
of the births is rather irregular but it seems to indicate that the births 
to parents below 30 years of age have consistently a higher sex ratio. 

These facts do not admit of a simple and unique explanation, since 
the sex ratio at birth is the resultant of the action of several variables. 
The first of these is the sex ratio at conception, and regarding it there 
is no definite information. Three hypotheses are possible: (1) as 
many males as females are conceived, (2) more females than males are 
conceived, (3) more males than females are conceived. 


The first hypothesis would, in general, be in agreement with current 
Mendelian expectation. But we know that from the earliest stage when 
sex is recognizable the intra-uterine mortality is higher for the male. 
So, on the first hypothesis, in order to arrive at the usual sex ratio at 
birth, one must assume that there is a very high female mortality during 
embryonic development. Such an assumption is, however, contrary to 
the general experience and observation regarding the differential mor- 
tality according to sex. The second hypothesis, like the first, necessarily 
demands a much greater female than male intra-uterine mortality, for 
which, as we know there is no evidence in fact. 

The third hypothesis postulates that many more males than females 
are conceived. It is assumed also that intra-uterine mortality is always 
greater for the males, since it is known that this is so after the second 
month of intra-uterine life. This hypothesis is favored by most stu- 
dents of the subject, who further estimate that the sex ratio at concep- 
tion is at least as high as 108 males for 100 females or perhaps even 
higher. On the basis of this hypothesis the sex ratio at birth is then to 
be regarded as the possible resultant of the action of at least two 
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variables: differential selectivity and viability of the sperm carrying the 
male determiners, and a sex differential in reproductive wastage. 

Curiously enough, nearly all the explanations and theories regarding 
the sex ratio in man have emphasized almost exclusively the second 
variable only. In addition, while both of these variables presumably can 
be affected by heredity as well as by environment, students of the 
subject have mostly limited themselves to a consideration of the in- 
fluence of environmental factors. 

The viewpoint held by many students of the subject is well exempli- 
fied by the very recent paper of Crew (1937) which appeared while this 
work was in progress. Crew has attempted an elaborate synthesis of 
the observations on the sex ratio both in man and other animals from 
which he infers, for example, that “movements in the secondary sex 
ratio can therefore be used as a measure of the success or otherwise 
of the social services, of slum clearance, of the general health of a com- 
munity”. (p. 534). This inference follows from assuming that variation 
in the sex ratio at birth is associated with degree of urbanization, ille- 
gitimacy of birth and other demographic factors which, as we have 
shown, certainly cannot on the factual evidence be shown to be of 
primary importance, at least so far as the population of the United 
States is concerned. This inference implies that an increase or decrease 
in the sex ratio will reflect respectively a decrease or increase in the 
general mortality and infantile mortality rates, the two indices which 
are generally accepted as a measure of the state of the public health. 
Such is not the case as has been shown for the white population of 33 
states. Moreover for the United States as a whole, between 1915-17 
and 1932-34, the general mortality rate has decreased by 40.4 percent 
and the infantile mortality rate by 24.4 percent, but the sex ratio has 
not increased. Instead it has declined by 0.2 percent. 

The asumption that intra-uterine mortality, whatever its causes, is 
the major, if not the sole significant influence that determines the sex 
ratio at birth, in the sense that high intra-uterine mortality causes a low 
sex ratio and low intra-uterine mortality causes greater masculinity, 
characterizes Crew’s study as well as that of many other students. It 
is suggested that this mode of reasoning possibly lends itself to a little 
too ready acceptance of the facts which fit the hypothesis, with a corres- 
ponding underweighting disregard of those that do not. Thus, for 
example, it is taken for granted that a greater frequency of abortions 
and stillbirths accounts for the low sex ratio of the colored births rela- 
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tive to that of white births in general. Yet the masculinity of colored 
births is not definitely lower than that of births to Italian immigrants, 
although the stillbirth rate of the colored births is significantly lower 
than that of Italian births in this country. That reproductive wastage 
is not the major factor in the variation of the sex ratio is indicated also 
by the observation that there is no association, either positive or negative, 
between annual changes in the live birth sex ratio and annual changes 
in the stillbirth rate and in the stillbirth sex ratio. 

In view of all these considerations, might it not be the part of wisdom 
to replace some of the effort that goes into speculative rationalization 
about differential foetal mortality with really intensive research to find 
more exact facts about this mortality in man? What plainly appears to 
be needed is a systematic evaluation of all the elements which on general 
biological grounds presumably can be related to increased or decreased 
masculinity at birth in man. 
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== ICCORDING to Darwin’s theory of sexual selection, beauty 
has played an important role in selective mating both in 
A. i) human beings and in the higher animals below man. As a 
(===) rule Nature is not given to indulging in useless frills and, 
unless she has departed from her customary utilitarion ways, it seems 
probable that the selection of mates on the basis of aesthetically pleasing 
appearance has contributed somehow to the biological welfare of the 
species. Darwin’s theory of sexual selection has elicited no small 
measure of adverse criticism into the merits or demerits of which we 
shall not here enter. But whatever part aesthetic appreciation may have 
played in the mating of animals below man, its influence in the marriage 
selection of human beings has never been questioned. 

The biological effects of selection for beauty obviously depend upon 
the characteristics with which beauty is associated. There has been a 
good deal of theorizing on this subject but almost no inductive investi- 
gation. The topic has usually been discussed from a purely @ priori 
standpoint. We do not even know that, on the average, beautiful women 
are chosen as wives more often than homely ones. Probable as such a 
selection may seem, there has been almost no effort to ascertain whether 
or not it actually occurs. As to the characteristics, mental and physical, 
that commonly go along with beauty, we have only the evidence derived 
from casual observations and opinions based on a priors judgments. 


MATERIAL 


We shall not attempt to review the various opinions concerning the 
biological or psychological correlates of beauty, but will confine our- 
selves to describing a modest attempt to find out, for one class of the 
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population, how beauty is related to success in intellectual pursuits and 
later to chances of marriage. It would be of much interest to determine 
what relationship exists between beauty and native intelligence. A face 
that betrays that the mind behind it is an intellectual blank would hardly 
be regarded as beautiful however regular might be its features. To a 
certain extent indications of intelligence are marks of beauty. So also 
are facial expressions that give the impression of good health, cheerful- 
ness, and kindly disposition. In so far as intelligence is correlated with 
good health and natural vigor one would expect that beautiful women 
would be somewhat above the average in intellectual gifts. But the 
actual evidence on the subject is very inconclusive. In the present in- 
vestigation, since scores in intelligence tests were not available for the 
individuals studied, we have endeavored to ascertain the relation of 
beauty to scholastic grades in a fairly large group of over 600 women 
students of the University of California. In order to obtain a sufficient 
basis for scholastic rating the study was confined to students who had at 
least two years of college work. The grades of students were obtained 
from the office of the Registrar. The scholarship average was deter- 
mined by calculating the ratios of grade points to units. In the system 
of grading employed at the University of California the grade of A 
receives a credit value of 3 points per unit; grade B receives 2 grade 
points; and grade C only 1. A D receives no grade points; an E or 
an F takes away 1. All students had from 60 to over 100 units to their 
credit. 

Of course, grades are not an accurate measure of intelligence, but 
in the absence of intelligence tests they formed the best index available. 
As many studies have shown, scholastic records and scores on intelligence 
tests give a fairly high positive correlation. Perhaps one may safely as- 
sume that, other things equal, the higher grades are made by the more 
intelligent students, but one cannot be sure that other things really are 
equal. One factor which might disturb whatever natural connection 
there might be between personal beauty and the ability to make a good 
scholastic record is the circumstance that beauty itself might prove to 
be a handicap to scholarship because the more beautiful girls are more 
apt to be distracted by social engagements. Their plainer sisters, being 
less in demand, have more time for scholastic pursuits and might there- 
fore make better records. Unfortunately the influence of this factor 
cannot be measured. 
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RATING FOR BEAUTY 


In rating women for beauty it was thought desirable to employ only 
a few categories. Students were classed in four groups: I beautiful, 
II good looking, III plain, and IV homely. The women classified were 
those with whom the observer was not personally acquainted. They were 
observed in classes and their names were obtained from the lists of as- 
signed seats. Each class was visited from six to ten times, and if sub- 
sequent ratings did not agree with the one first made the record was 
discarded. Those who seemed to belong to no definite group or who 
seemed to be on the borderline between two classes were also discarded, 
leaving only those who seemed to the observer to fall definitely within a 
given class. The greatest stress was laid upon beauty of face, although 
the general impression given by stature and hair had a slight influence. 
Persons showing definite indications of ill health were not rated. There 
was an attempt to minimize the effect of expression on judgments of 
physical beauty by rating women only when their facial muscles were 
in repose. If the student was seen talking or laughing a rating was not 
given that day. Only women belonging to the Caucasian race were 
considered and none was included over thirty years of age. Clothes 
and general make-up were given as little consideration as possible. 

It is evident that observers have their own standards of beauty and 
that ideals vary as a result of education and environment. Neverthe- 
less there is a fairly broad basis of agreement as to the types of women 
rated as beautiful or ugly. The artist in recognizing and depicting 
beauty has helped to create a common standard. Through works of art, 
pictures in magazines, and by moving pictures, people have been edu- 
cated to regard certain types as beautful. There are, of course, dif- 
ferences of opinion over the rating of certain individuals. In order to 
find out how the personal equation is apt to influence ratings for beauty, 
groups of students were independently rated by three diffenent observers 
after a preliminary discussion of the criteria used in classification. One 
judge was a professor who rated 20 women in his class at the beginning 
of the semester before he had a chance to be influenced greatly by their 
personalities. The second judge was an art student who rated 25 and 
the third was a student who rated 120. The verdicts were as follows: 
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Number Differences Per cent 
Judge rated in rating of agreement 
I 20 0 100 
2 25 I 06 
3 120 6 95 





Apparently this indefinable quality we call beauty represents something 
about which the judgments of different people show a fair amount of 
agreement. The few cases about which the ratings of the judges 
differed were not used in the material investigated. 


COLLEGE GRADES AND BEAUTY 


Having divided the individuals observed into four classes representing 
different degrees of beauty, the next step was to compare the average 
grades of the several groups. The grade point averages of the entire 
group are as follows: 


Beautiful Good looking Plain Homely 





Average 1.42 1.44 1.56 1.61 





These results indicate that however beauty may be related to intelligence 
it apparently has an inverse relation to the attainment of high scholar- 
ship records by college students. It occurred to us that these results 
might be due largely to selection instead of to any direct connection 
between beauty and intelligence. The grade point average of seniors is 
higher than that of juniors, and the average of the graduate students 
is higher than that of seniors. If the more beautiful girls failed to go 
on to advanced work to a greater extent than their less favored sisters, 
either because they married or for any other reason, we might obtain 
an increased proportion of the plainer students among those with higher 
average grades. That a selection of this sort probably occurs is shown 
by grouping our statistical data in another way. If we take each class, 
juniors, seniors, and graduates separately and find how the grades of 
beauty are distributed within each of these classes, we find some rather 
striking facts. The data on the distribution of the various grades of 
beauty within each class are shown in the following table: 
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Distributions of ratings for beauty by class 





IBEAUTIFUL II GOODLOOKING III PLAIN IV HOMELY 





Number 25 108 68 17 
Juniors Per cent 11.4 49.5 38.9 7.79 
Number 33 84 100 27 
Seniors Per cent 13.5 34.4 40.9 11.0 
Number 16 44 82 39 
Graduates Per cent 8.83 24.3 45.3 21.5 





The per cent of girls adjudged plain or homely is lower in the 
juniors than in the seniors and lower in the seniors than in the graduates. 
And correlated with this trend is the fact that the percentage of girls 
adjudged beautiful is lower in the graduates than in the juniors. The 
slightly higher percentage of beautiful girls among the seniors may be 
only a chance result due to the small numbers involved. In order to 
obviate in a measure the influence of chance distributions in small 
samples we have combined the beautiful and good looking in one group 
and the plain and homely in another. There are many cases in which it 
is difficult to decide whether a given individual should be rated as 
beautiful or good looking, and as plain or homely. For a study of how 
beauty functions, a grouping of women as either good looking or not 
good looking is a natural one to make because this distinction might be 
considered as frequently determining choice in marriage and decisions in 
many other relationships. When we combine the four groups in two 
categories and calculate the percentages in each of the three classes of 
students, juniors, seniors, and graduates, the trend which we have 
mentioned comes out more sharply. The results are as follows: 


Group Group 
I and II III and IV 
Juniors 
rrr er 133 85 
__ S| eee 61.0+2.2 39.02.2 
Seniors 
Be: Gerba cicceHes 117 127 
SO 47.92.1 §2.1+2.1 
Graduates 
EE oni n 5. 0:3:baniciee 60 121 


PE GD cnadeSicsccated 33.1%2.3 66.8+2.3 
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A calculation of the probable errors of these percentages shows very 
definitely that with the exception of the seniors the differences in the 
percentage of good looking and the plain cannot reasonably be regarded 
as a chance result of random sampling. It shows also that the differences 
between the several classes, juniors, seniors, and graduates, cannot be 
due to chance alone. Interpret them how we will, the differences show 
a high degree of reliability from the standpoint of the statistician. One 
may explain these differences in several ways. It might be contended 
that the more beautiful find greater difficulty in successfully carrying on 
collegiate work either from natural ineptitude or from too many dis- 
tracting engagements. It might be contended that the lower percentage 
of the good looking among the more advanced students is due to the 
subtle influence of age on standards of rating, although no individual 
over thirty years of age was included in the investigation. The effect of 
this factor we believe is relatively small. Or again, we might conclude 
that the more beautiful women are not so apt to go for advanced study 
as those with less personal attraction. We are inclined to ascribe a good 
deal of importance to this factor. According to this interpretation, one 
would expect to find greater differences between graduates and seniors 
than between seniors and juniors. This is, in fact, what occurs, but the 
differences between graduates and seniors is relatively less than might 
have been anticipated. It is only a little greater than the differences 
between the juniors and seniors. It was thought that this fact might in 
part be due to the relatively large number of students who have come to 
the university from other institutions for their last year and whose 
transfer represents about as great a break in the continuity of their work 
as the transition from senior to graduate status. but a study of the dis- 
tribution of grades for beauty in the transferring students gave little 
support to this supposition. Not improbably the more comely types do 
not continue in college even before graduation to so great an extent as 
the plainer students. 

In order to eliminate so far as possible the influence of selective 
removal on the relation between ratings for beauty and scholarship 
grades we have made a tabulation of the scholastic records within each 
class separately. The results which are given in the following table 
indicate that within the limits of each class as well as in the total number 
there is a tendency for scholarship grades to increase as the ratings for 
pulchritude diminish. 
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Grade point averages as related to ratings for beauty 








CLASS BEAUTIFUL GOOD LOOKING PLAIN HOMELY 
SY atevacepastent 1.16 1.33 1.45 1.58 
BN “Se cccdiceseees 1.56 1.45 1.52 1.55 
Graduates ............ 1.53 1.70 1.70 1.67 
EGS pes 1.42 1.44 1.56 1.61 





The manifestation of this tendency, which is somewhat irregular owing 
probably to chance fluctuations in small number, is brought out more 
clearly by combining the first two (beautiful and good looking) and 
also the last two (plain and homely) groups. The percentages for the 
combined classes are as follows: 


Average grade points according to ratings for beauty 





Groups I and II Groups III and IV 





IIL sin chdna edad aia nm ama et eaeaal 1.30 1.47 
ID <i. a aruiadinn aces ued Gieiigtaie naa ace watack 1.48 1.52 
NOE os sc dvavvadbunacwesasscanans 1.65 1.68 
| OP ree ee See 1.43 1.57 





These data show a consistent trend throughout. In both the good look- 
ing and the plain group the grade point averages increase as we pass 
from the junior to the graduate class. For each class the figures show 
that the plain group has a better scholastic record than the better looking 
group. When we compare the differences in scholastic record associated 
with class with the differences associated with the two grades of personal 
appearance we find that personal appearance has about as great an 
effect upon scholastic records as does length of sojourn in college. We 
apparently have to do with two very different sets of influences in de- 
termining grade point averages. If the more beautiful girls leave college 
more often than the plainer ones the effect might be to raise the grade 
point average somewhat, but this factor is probably a very minor one. 
The rise of grade point averages after the freshman year is probably 
mainly the result of the elimination of poor students and the develop- 
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ment of more serious interests and improved habits of study in those 
who remain. There is some indication that the unfavorable effect of 
beauty on scholarship is greatest in the juniors, less in the seniors, and 
least in the graduates. If this unfavorable effect is due to the greater 
distractions of the more attractive girls it is not unreasonable to suppose 
that the more mature students should be less affected than the younger 
ones. 

It would be desirable to ascertain how beauty is related to scholastic 
records or the results of intelligence tests in other groups, such as 
students in grammar schools, high schools, and the first two years of 
college. Such investigations carried out on a scale sufficiently extensive 
to give statistically reliable results are very laborious, but it is only by 
a statistical analysis of large samples of the population that one can 
arrive at well grounded conclusions as to the biological functioning of 
beauty in modern life. 

This paper represents an attempt to gain some real knowledge of 
the role played by personal appearance in a small selected group of the 
population. The findings indicate that personal appearance has a rather 
important effect upon the careers of young women attending college. 
It probably influences the duration of their college careers, the character 
of their social life, and apparently the quality of their scholarship. 
Possibly good looks may cause the loss of some grade points, but we are 
prepared to concede that the other experiences gained may more than 
counterbalance this loss. That personal appearance has much to do with 
the happiness of girls and young women is obvious. It has much to do 
with a woman’s success in many relationships. The time, energy, and 
money spent upon the enhancement of personal beauty are incalculable. 
And probably no one would deny that this vast expenditure somehow 


pays. 


SEXUAL SELECTION 


We commonly assume that beauty plays an important part in selec- 
tion in marriage but, plausible as this conclusion seems, it can scarcely 
claim to be demonstrated. The only way in which to find out how 
beauty influences marriage selection is to make a comparison of the 
mated and unmated with due allowance for age and other circumstances 
in several typical samples of the population. Until we have some quan- 
titative studies on how sexual selection is actually working out we cannot 
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be said to have any real knowledge of this possibly very important 
factor in human evolution. 

There have been several studies of assortative mating in relation to 
stature, color of eyes and hair, education, and other characteristics, and 
there have been a few compilations of results of questionnaires on de- 
sirable qualities in mates, but the actual workings of sexual selection in 
man is an almost completely neglected field. The valuable study of 
Heymons and Wiersma on the differences between the married and the 
unmarried in regard to several traits of mind and character has been 
followed by no similar investigations. The role of beauty, however, was 
not especially studied by these writers. 


About the only study on the relation of beauty to marriage selection that we 
could find was made by Miss C. F. Gilmore and described in an unpublished thesis 
for the Master’s degree at the University of Pittsburgh. This paper was 
referred to in a paper on “Marriage Selection” (1924)* by Dr. R. S. Johnson 
and was discussed briefly in the first edition of Popenoe and Johnson’s Applied 
Eugenics, but no mention of it is made in the revised edition of this book. The 
study was based on the class of 1902 of the Southwestern State Normal School 
of Pennsylvania. The girls were rated for beauty on the basis of 100. It was 
found that 70 per cent of the prettiest girls (rated 80 and over) were married 
and that in general the marriage rate fell as ratings for beauty were low, although 
more were married in the 50+ class than in the 60+ class. Unfortunately the 
numbers upon which the percentages were based are not given in any of the 
references to this work. Popenoe and Johnson refer to the results as “interesting, 
though far from conclusive.” In the absence of any further information, we 
shall have to be content with this verdict. 


We have endeavored to obtain some further light on the functioning 
of personal appearance in our group by ascertaining the proportions of 
those in the several classes who married since the time at which they 
were rated. We had started to collect information by sending inquiries 
concerning marriage to the students rated, but owing to the fortunate 
circumstance that a thorough canvass of all the alumnae of the Univer- 
sity of California was being made in connection with the issue of the 
Golden Book of California, which aimed to include data on the marriages 
of all graduates of the university, it was decided to give up sending 
questionnaires and to avail ourselves of the information collected for 
this volume. Now that the Golden Book of California has been pub- 
lished we have compiled the number of marriages of women in each 


*Proc. First Nat. Congr. on Race Betterment, 515-532, 1914. 
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of the four classes used in the ratings used for beauty. The results 
came out with a decisiveness and a degree of regularity surpassing all 
expectation. The findings are collated in the following table: 


Relation between ratings for beauty and marriage in college women 





GROUPS 
I II III IV 
MY Ba daavab des aces 74 246 242 80 
Per cent married ........ 34.00 28.05 15.66 11.25 





The results show clearly that the percentages of women graduates who 
marry within a few years after leaving college regularly decrease as 
the ratings for beauty become lower. Granted that these ratings are 
very inaccurate and based on subjective and not very clearly definable 
criteria, they nevertheless show a striking agreement with the judgments 
of the gentlemen who selected wives from the group investigated. 

There is also, as we have seen, a fair correlation between ratings 
for beauty and evaluations of scholastic work by the university instruc- 
tors who assigned grades. Perhaps the more prepossessing young 
women may have obtained relatively low marks because of the reactions 
of people responsible for the distracting effects of popularity. But, 
however the relations may be brought about, the judgments of the 
persons who classified the young women as to their beauty have a 
significant correlation with objective facts. 

The relation of beauty to marriage selection, shown by a fairly 
large sample of over 600 college women is probably indicative of the 
trend of marriage selection in the general population. It seems likely, 
however, that in the college group there is relatively more discrimina- 
tion on the basis of beauty than among the rank and file of women. In 
a previous study by one of the present writers it was shown that only 
about 55 per cent of the women graduates of the University of Cali- 
fornia ever marry. If most women marry, as they do in ordinary walks 
of life, most of the plain and a fair share of the homely will be chosen. 
The fact that a relatively smaller proportion of college women marry 
makes possible a more discriminating selection within the group, and 
may therefore tend to emphasize the relation between beauty and 
marriage selection which our study reveals. 

Since beauty is, to a certain extent, correlated with low grades in 
college, and since the more prepossessing young ladies are more apt to 
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marry after graduation than the plainer ones it might be inferred that 
scholastic records of the married would fall below those of the un- 
married. Since it cannot be assumed that this conclusion necessarily 
follows we have investigated the subject by tabulating the grade point 
averages of the married and the unmarried. The undergraduates were 
mostly members of the classes of 1933 and 1934. Owing probably to 
the financial depression the marriage rates of these classes were unusu- 
ally low. Perhaps this circumstance has caused the character of mar- 
riage selection to be somewhat different from what it would be in 
normal times. Our sample of the married represents the first selections 
made from the group. How the average would be affected by subse- 
quent marriages cannot be foretold with certainty, but in respect to 
scholarship it would probably be closer to the mean of the whole group 
of alumnae. 

In a previous investigation of marriage selection and scholarship by 
Bolin and Holmes,” based on the entire number of alumnae up to 1910 
it was found that the scholastic grades of the married and the unmarried 
differed by a very small and statistically non-significant figure. The 
extensive data obtained covered within a small percentage all the mar- 
riages that would occur in the group. Our present data differ from 
those collected for the previous study in including only those marriages 
contracted soon after graduation (except for the relatively few students 
who were married while in college), and the results are somewhat dif- 
ferent in that they indicate that the scholastic records have a slight nega- 
tive correlation with likelihood of marriage. The grade point average 
of the 140 married alumnae was 1.42, whereas that of the unmarried was 
1.53. A comparison of the records of the separate classes, juniors, 
seniors and graduates, showed much the same relations for each group 
as for the entire number. The data for the individual classes are as 
follows: 


Grade point averages of married and unmarried graduates 








Married Unmarried 
PE. CAE tiiccdnabddewcioiese 1.21 1.41 
ES ree eee 1.49 1.51 
co eer re eer 1.55 1.70 





*Numbers married, in parentheses. 


"Jour. Heredity, 18, 253-255, 1927. 
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The differences in grade point average between the married and the 
unmarried are not large, but they are all in the same direction. The 
results are about what might be expected in the light of the previous 
findings. 

One may hypothecate various reasons for these facts. It cannot be 
assumed that scholarship causes women to be less attractive to the male 
sex. It may lead women to be more discriminating in their choice of 
mates, or it may go along with other qualities, physical or mental, which 
adversely affect the inclination or the opportunity to marry. Perhaps 
a young woman is more liable to marry if her interests in intellectual 
matters are not too serious. That the more comely young women fall 
somewhat below the average in scholarship while in college may of 
course be due, not to lack of native intelligence, but to the scholastic 
drawbacks of greater popularity. If so, our results would not be indi- 
cative of any dysgenic effects of the relations discovered. 

What relation, if any, there may be between beauty and fertility re- 
mains to be ascertained. We do not anticipate a numerous progeny 
from the group investigated, but we are saving the records in the hope 
that at some future time they may possibly shed some small amount of 
light on this problem. 


SUM MARY 


A study of scholastic records in relation to ratings for beauty in 
over 600 women students of the University of California showed that 
scholastic averages diminished as ratings for beauty are increased. 

Ratings of the same individual for beauty by different observers 
showed a fairly high percentage of agreement. 

The proportion of women rated as beautiful or good looking decrease 
with years spent in college, being highest in juniors, lower in seniors, 
and least in graduates. This fact probably results in part from selection. 

A study of the marriages occurring in the classes rated for beauty 
showed that as beauty decreased the percentages married also decreased, 
thus affording evidence that beauty plays a very important role in 
marriage selection within the class of individuals studied. 

In each class, juniors, seniors, and graduates, the grade point 
averages of the married fell below those of the unmarried. 
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TWO UNLIKE EXPRESSIONS OF SYMMETRY 
OF FINGER-TIP PATTERNS 


BY HEINRICH POLL 


Berlin 







SRE symmetry of dactyloglyphics' is not comparable to the 
a) rigid bilateral symmetry involving form and general struc- 
=| ture of the digits. Finger-tip patterns of quite different 
(—==4 types, for example an arch and a whorl, occur frequently 
on homonymous digits of right and left hands in one individual. Not- 
withstanding the lack of a consistent symmetry of the ordinary kind, 
the distributions of pattern types manifest certain trends of symmetry 
when adequate groups of subjects are analyzed statistically. It might 
be expected that such trends would be correlated with the antimeristic 





Fic. 1. SYMMETRY OF THE HANDS ACCORDING TO THE 
OrpinarRy ANATOMICAL CHARACTERISTICS 


similarity of other anatomical features of the hands (Fig. 1), but this 
is not the case in the large majority of races thus far studied. While in 
their pattern-type frequencies digits II, III and V do conform to this 


*The dermatoglyphics of finger tips, loosely called “finger prints”. 
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the thumb and annular of the same hand are more closely 


related than are the right thumb and left thumb, the right annular and 


g 
= 
L 


To the distinctive association of digits I and IV the 
writer (’34) has given the name pair-group rule. 


left annular. 


The purpose of the 


rule in various widespread human populations, its exceptional failure in 


present paper is to demonstrate, as a contrast to the expression of the 
peoples of western, central and southern Africa. 





4 HE SCHEME OF CONSTRUCTION OF THE DACTYLODIAGRAM (Daot.) 


Pic, 2, 
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A method adapted to the study of the symmetry relations is the 
dactylodiagram (hereafter abbreviated to dadi.), a method suggested 
in 1934 by Poll. The construction of the dadi. is shown in Fig. 2, and to 
illustrate its application reference may be made to an actual series, select- 
ing for the purpose the classical records of 500 Englishmen published 
by Galton (1892). 

The dadi. of this English series, Fig. 3, shows the status of each 
digit in reference to the frequencies of arches and whorls. The digits 
are arranged in the order of increasing whorl frequencies, whorls being 
plotted in the abscissa and arches in the ordinate. It will be noted that 
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Fic. 3. Dapr. oF 500 ENGLISHMEN, BASED ON Data From GALTon, 1892, 
ILLUSTRATING CONSTRUCTION OF THE Dapt. IN A TYPICAL INSTANCE OF 
VALIDITY OF THE Parr-Group RULE 


Upper figure shows the arch-whorl frequencies of the ten digits, indi- 
cated by coarse dots. Note the bilateral pairing of values for digits V, 
III and II, and the contrasting grouping of the values left IV/left I and 
right IV/right I. The arithmetic means of the pairs and groups of 
values are indicated by fine dots, and on the dadi. each corresponds to the 
mid-point of the actual distance between. Lower figure is the completed 
dadi., in which the arithmetic means of the three pairs and two groups are 
joined by continuous lines to form a curve. 
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right and left hands present closely related pairs of values for homony- 
mous digits in the instances of V, III and II. The values of digits I 
and IV resolve into two quite different couplings, specially designated 
groups for distinction from the bilateral pairings of corresponding digits. 
The dadi. shows clearly that the left thumb and left annular form one 
group (hereafter termed the IV/I left group) and the right thumb and 
annular another (IV/I right group). Completion of the dadi. involves 
merely the joining of the arithmetic means of each two neighboring 
values; the curve is thus carried in order through pairs V, III and II, 
into group IV/I left, and ending with group IV/I right. 

The symmetry relations are those shown in Fig. 4, rather than the 
ordinary symmetry of Fig. 1, and this example of the pair-group rule 
is representative of the symmetry relations in European and Asiatic 
races. A few instances are listed in Table 1. The value is the differ- 
ence, D, between the sums of distances of thumbs and annulars in the 
dadi., the minuend representing these digits as pairs, & P, and the sub- 
trahend combining these same digits in groups, } G: D = 3 P — 3G. 
With an accurately drawn dadi. the distances may be determined with 
sufficient accuracy by direct measurement; the values given in the table 
are derived in this manner. The summands = P and = G may be com- 


“i 


Fic. 4. Position oF THE FrnceRs ACCORDING TO THE 
CORRESPONDENCES OF THEIR DACTYLOGLYPHICAL 
VaLuEs (BASED ON FREQUENCIES OF 
PATTERN TYPES) 

Digits V, III and II form pairs, while the thumb 
and annular of the left hand and the thumb and 
annular of the right hand form respectively the left 
and right IV/I groups. 
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puted also as the hypotenuses of right-angled triangles, with the differ- 
ences of arches as ordinates and the differences of whorls as abscissae : 








2P = V (Auw—Any)*? + (Wiav—Wuyv)*? — V (Air—An)? + (Wer—Wi1)? 








2¢ = V (AurAuyv)* + (Wiur—Wir)*? — Vf (Arr—Anv)*? + (Wrre—Wns)? 


The figures obtained are to be taken as absolute values, the differences 
being computed without regard to their positive or negative signs. 

To provide proof of the statistical significance of the pair-group rule 
in a standard case the following tests have been applied to a series of 
3000 individuals (criminals of Hamburg, Poll, ’34a). The difference 
and its mean average error, determined in the usual way, are A + » A = 
21.67 + 2.35 per cent. Since the value is nearly ten times larger than 
its mean average error the difference must be accepted as significant and 
real. Now measuring the validity of pair-group rule not in terms of 


the difference between = P and = G but in the relation R = — 


it is found that R + pR = 3.32 + 0.60. Since the relation is 5.5 times 
larger than its error the significance is again of high order. As another 
test of accuracy of the figures the whole material has been divided into 
30 random lots of 100 individuals each, and for each lot the above com- 
putations have been made. The differences in the 30 lots are distributed 
in a fair binomial curve. In one lot only is the sum of the thumb-pair 
and annular-pair less than the sum of the right and left thumb-annular 
groups, and this with the minute difference of 1.8 units. Twenty-nine 
lots are positive in respect to the expression of the pair-group rule. The 
mean probability that this result is reliable for similar observations in 
general is determined by the formula of van der Waerden (’36), where 
nm = number of cases, h = number of positive observations and k = 
number of negative observations : 


etr. 3 (h+1) (k+1) 
n+2°  n+2 n-+3 
m = 93.75 + 4.22%. 
The probability is here 7.4 times greater than the error tripled, and the 
reliability of the observations is thus established. 


The present study, dealing especially with conditions in African 
peoples, enlarges on the communication presented before the Congrés 
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International des Sciences Anthropologiques et Ethnologiques, London, 
1934, when for the first time notice was directed to an instance of 
failure of the pair-group rule. 

The 42 Hottentots reported by Fleischhacker (’34) supplied the 
first case drawing attention to this circumstance. The dadi. for the 
series (Fig. 5) may be used in explanation of the special characteristics 
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Fic. 5. Dapr. or 42 Horrentots BaAsep oN DATA FROM FLEISCHHACKER, 
°34, ILLUSTRATING CONSTRUCTION OF THE Dapt. IN A CASE 
LACKING THE Parr-Group RULE 


Upper figure gives individual values for the ten digits. Lower figure 
shows the dadi. curve drawn, as in Fig. 3, in a continuous line uniting the 
arithmetic means of the V, III and II pairs, but digits I and IV are 
accorded special treatment. With a fine line left I and right I are joined 
as a pair, as are left IV and right IV; the left IV and left I are united 
as a group, and the right IV and right I likewise, thus enclosing a quadri- 
lateral figure. The sum of the distances of these digits considered as 
pairs (line IP + line IVP) is smaller than the sum of the distances 
involved in considering them as groups (line 1G +rG). In other words, 
=P < =G and the pair-group rule is void. (For further analyses of the 
dadi. the curve should be completed by joining pair II to the arithmetic 
mean of pair IV, and that to the mean of pair 1, as in Figs. 6 and 7, using 
dotted lines for distinction from the usual dadi. in which IV and I are 
related to each other as groups. But for simplicity and in view of the 
small number of subjects the lines are omitted in this example.) 
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and interpretation of the dadi. in such departures from the usual sym- 
metry. In the upper section of the figure the single points for the ten 
digits are marked and the arithmetic means of neighboring values are 
indicated. In the lower section a line is drawn connecting these means 
for pairs V, III and II, according to the ordinary scheme as previously 
explained. The values of left IV and left I are united by the line 1 G 
representing the left group, and right IV and right I are similarly joined 
as the right group. To prove whether the pair-group rule is valid lines 
are now drawn to join the values of pair I (line I P) and pair IV (line 
IV P), thus completing a quadrilateral figure. Add the opposed sides 
of this quadrilateral. If, as in the present dadi, 1 PP +IV P=23P 
<rG+1G=%8%G the pair-group rule is lacking; when = P > 3 G 
the pair-group is valid. It may be fixed arbitrarily that the rule is 
lacking if ] P = 3G. 

To mark the difference between the two kinds of symmetry as 
expressed in the dadi. the two segments of the curve joining the means 
of pairs II, IV and I may be drawn as dotted lines (Figs. 6 and 7), 
rather than with the continuous lines which in the usual circumstances 
join pair II, group IV/I left and group IV/I right. These lines are 
omitted in Fig. 5 in the interest of simplicity and on account of the 
lesser reliability of a series composed of only 42 individuals. The sym- 
bols of the angles A, ¢ and 8, of the distances W,, W, and W,, and 
I,4 and 5 may be distinguished from the analogous values of the original 
dadi. by the addition to each of an accent mark, signalizing their 
different meanings. 

Though the case of the Hottentots alone may not be thoroughly 
convincing evidence of a substantial deviation from the common sym- 
metry, other materials are available which show that the pair-group 
rule is likewise void in certain other African peoples. The important 
publication of Dankmeijer (’34) supplies records on 207 Efé pygmies 
from Itoeri Forest in central Africa. Dr. Margarethe Weninger (’36) 
gives figures for 32 Bushmen, a small series yet an important racial 
and geographical sample. Finally, data for 87 “pygmies, pygmoids and 
negrillos” from the upper Congo are made available in the interesting 
book of Mutrux-Bornoz (’37). Converting the original figures into 
dadi. form (Fig. 6), it will be seen that all three series agree in the 
absence of the pair-group rule, as before noted in the Hottentots. 

Two points of weakness in these last data are to be noted. With the 
exception of the Bushmen (20 males, 12 females) the sexes are not 








treated separately by the authors. 
material to determine the sexual differential in the dadi., for comparison 
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Fic. 6. Dapts. or CENTRAL AND SOUTHERN AFRICA, 
Patr-Group Rute LAcKING 


{1] 87 pygmies and negrillos—85 exact number used—of the upper 
Congo (data from Mutrux-Bornoz, ’37). [2] 207 Efé pygmies of Central 
Africa (data from Dankmeijer, ’34). [3] 20 male and 12 female Bushmen 
(data from M. Weninger, ’36). The dotted lines, explained under Fig. 5, 
are omitted in the Bushmen dadi. in consideration of the small size of 
the series. 





It is therefore impossible in this 
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with peoples wherein the pair-group rule is valid and in which it has 
been shown (Poll, ’35) that females present a shorter thumb-annular 
distance than males of the same biotype. In view of this condition 
proof of significant deviations requires larger series of females than of 
males. Second, the numbers of subjects are small, of course very far 
below those representing the European populations, and proof of signi- 
ficance must rest largely upon the coincidence of findings in the several 
independent collections. The reported distinction, even based on small 
numbers and thus involving a correspondingly large statistical error, will 
at least serve to direct attention to lack of homogeneity in the human 
species of so fundamental a character as symmetry. 
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Fic. 7. Daprs. oF WESTERN Arrica, Parr-Group Rute LACKING 


[1] A composite of 100 Liberian soldiers from Cummins, ’30, reduced 
by incomplete prints to 92.3, and 154 natives of the northern coast of the 
Guinean Gulf, Poll. [2] 72 Jamaican blacks, and [3] 118 Jamaican 
browns, both from Davenport and Steggerda, '29. The dotted lines, as 
explained before, are used to indicate the present coupling of the annulars 
as a pair and the thumbs as a pair, rather than in the generally prevailing 
left and right IV/I groups. 
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Following up these observations, material from other regions of 
Africa has been investigated, the results being shown in dadis. (Fig. 7) 
and in Table 1 (Section III). West African Negroes? exhibit failure 
of the pair-group rule, in common with the central and northern African 
populations. Although the D value is small in this case, perhaps being 
influenced by the pooling of figures from different sources, the reliability 
of the demonstrated lack of the pair-group rule is reasonably assured 
owing to the larger body of material and its restriction to males. 

Further light on the question is obtained from the figures for 
“blacks” in Jamaica (Davenport and Steggerda, ’29), where again the 
pair-group rule is void (Fig. 7; Table 1, Section III). In the Jamaican 
“browns” it is to be seen that cross-breeding does not obliterate this 
African character in the relation of the thumb and annular for the dadi. 
(Fig. 7) clearly shows an homonymous pairing of these digits. The 
same condition holds true for the black and brown people of Cuba’, in 
contrast to the Cuban whites who conform to the pair-group rule (Table 
1, Section III). 

In the known peoples of the northern portion of the African con- 
tinent the pair-group rule is valid. Falco (’17/'18), in a valuable paper 
on the dactyloglyphics of Libyans, follows Ottolenghi in distinguishing 
three types of inhabitants in the Libyan region: tipo negro, tipo arabo 
and tipo berbero. The pair-group rule is valid in all three types (Fig. 
8; Table 1, Section IV). Ina smaller collection of Tebu of the Cufra 
oasis, studied by Sabatini (’34), the pair-group rule applies, though the 
form of the dadi. exhibits some differences as compared with Falco’s 
material, and especially under comparison with the tipo arabo. 

The publication of Mutrux-Bornoz includes data on 109 insane 
subjects from Bagdad, and having this information regarding a popula- 
tion hitherto unknown it is now clear that the pair-group rule is ad- 
hered to by this population as well (Fig. 8; Table 1, Section IV). 


* This statement is based on two collections, 100 Liberian soldiers (Cummins, 
30) and 154 subjects mainly from the northern coast of the Guinean Gulf. For 
the latter material I am deeply indebted to Professor Kestner and Dr. Hans 
Streckfuss, who obtained the prints at my request. 

*For prints of females of these groups I am indebted to the kindness of Dr. 
Israel Castellanos, Director of the Cabinete nacional de Identificacion de la 
Republica de Cuba. The figures on males were obtained from Dr. Harold 
Cummins, whose original prints had been received from the same source. 
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Fic. 8. Davis. of NorTHerN Arrica, Parr-Group Rute VALID 


Dadis. 1, 2 and 3 are Libyans, data from Falco, ’17/'18. 


subjects, tipo negro. 
berbero. 


[2] 250 subjects, tipo arabo. 


[1] 250 
[3] 250 subjects, tipo 


[4] 104 Tebu di Cufra, data from Sabatini, ’34. [5] 109 insane 
subjects, Bagdad, data from Mutrux-Bornoz, ’37. 
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Although both the sexual representation and the special race* of this 
Bagdad series are unknown, the validity of the pair-group rule is 
clearly shown in the dadi. It is doubtful that the selection of insane 
subjects influences the expression of the pair-group rule, since the 
validity of the rule has been shown in Germans and Danes to be 
constitutionally independent of at least some mental disorders (Poll, ’35 ; 
Blizenkrone Mller, ’35). With the more recent addition of 200 male 
Rwala Arabs (Shanklin and Cummins, ’37), in which the pair-group 
rule holds, it may be concluded that the Arabian characteristic is 
definitely established (Table 1, Section IV). 


SUMMARY AND CONCLUSIONS 


For all the European peoples studied in this connection it has been 
demonstrated that pattern frequencies of digits V, III and II are 
similar in corresponding digits of right and left hands, but that the 
thumb and annular of each hand are more closely related to one another 
in this respect than are the right thumb to the left thumb and the left 
annular to the right annular. This relationship of digits I and IV, 
which may be readily analyzed by the dactylodiagram (Poll), is termed 
the pair-group rule. The rule is shown to be valid beyond any limit 
of the mean average error. The pair-group rule holds true also in the 
Mongolian races, in the known populations of Asiatic Turkey, in Rwala 
Arabs, and as detailed below in peoples of northern Africa. It is there- 
fore especially striking to find the pair-group rule void in the greater 
part of the African continent. 

It is here shown, using figures which are already in the literature 
with one exception, that Hottentots, the Efé pygmies in central Africa, 
Bushmen, and pygmies, pygmoids and negrillos of the upper Congo, 
Negroes of Liberia and the Guinean Gulf do not conform to the pair- 
group rule. For the blacks of Jamaica and of Cuba the rule is likewise 
void, and since it fails also in the brown cross-breeds of both regions 
the indication is that these hybridizations have not effaced the African 
peculiarity. The several collections of material, in each of which the 
pair-group rule is void, amount to a total of 1147 individuals. 


*I am indebted to the courtesy of the Imperial Irakian Embassy in Berlin for 
the information that the inhabitants of Irak as a whole comprise about four-fifths 
Arabs and one-fifth of other races. The probability is therefore rather high that 
by the selection of “pure race” (Mutrux-Bornoz, p. 64) a majority of Arabs is 
represented in the material obtained in the asylums of Bagdad. 
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A slightly smaller number of subjects (854) is available from 
northern Africa. In contrast to the west, center and south, it can be 
shown with nearly as great reliability that in Lybia and in the Tebu 
tribe of the oasis of Cufra that the pair-group is valid, as in Europe 
and Asia. If the admixture of negro blood is responsible for the 
development of the tipo negro in Libyans it seems to be of special 
interest that the crossing with Arabian partners leads to the conservation 
of the pair-group rule, contrasting with the situation met with in 
Jamaica and Cuba. 

The facts presented are sufficient to suggest the existence of two 
contrasting types of dactyloglyphic symmetry in human races. One 
expression of symmetry, that of the pair-group rule, may be stated 
confidently as a near correspondence in pattern frequencies of the thumb 
and annular of the same hand, while the second should be cautiously 
described as a lack of this condition in which the thumb and annular 
approach the bilateral symmetry characteristic of the other digits. To 
establish securely this second rule of symmetry, the rule of all pairs 
including the thumbs and annulars, and to fix the boundaries of the 
two opposing conditions will require much additional material. It is 
to be hoped that further investigations will be carried out in the dark 
continent, particularly in its eastern section which remains entirely 
unknown from the standpoint of dactyloglyphics. 
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BIO-PHYSICAL FACTORS IN RELATION TO 
FUNCTIONAL IMBALANCES* 





BY TRIGANT BURROW, M.D., Pz.D. 


Scientific Director, The Lifwynn Foundation, New York City 


I 





TT HETHER the behavior to be investigated is individual or 
#) social, fundamentally the study of behavior is the study of 

if protoplasm, and the method of studying it is invariably 
==) experimental.. Evidence derived from the observation of 
reactions occurring within social groups gives indication that the organ- 
ism of man does not now function unobstructedly from the basis of its 
protoplasmic motivation as a whole. In his experimental investigations 
of neural growth in .4mblystoma, Coghill has emphasized the function 
of the organism’s total action-pattern in contrast to its reflex, partial 
patterns of action.2 In Goldstein’s discrimination between “ground” 
and “figure’”—terms he borrowed from the Gestalt psychologists—this 
investigator also emphasizes in the field of experimental neurology the 


* Paper read at the Ninety-third Annual Meeting of the American Psychiatric 
Association, Pittsburgh, May 12, 1937. 
* Burrow, Trigant. The Biology of Human Conflict. An Anatomy of Be- 
havior, Individual and Social. New York, The Macmillan Company, 1937. 
* Coghill, G. E. Anatomy and the Problem of Behavior. London, Cambridge 
University Press, 1929. 
. The structural basis of the integration of behavior. Proceedings 
of the National Academy of Sciences, 1930. Vol. 16, pp. 637-643. 
Individuation versus integration in the development of behavior. 
The Journal of General Psychology, 1930, Vol. 3, pp. 431-435. 
. The neuro-embryologic study of behavior; principles, perspective 
and aim. Science, 1933, Vol. 78, pp. 131-138. 
The biologic basis of conflict in behavior. The Psychoanalytic 
Review, 1933, Vol. 20, pp. 1-4. 
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central significance of the organism’s total behavior in contrast to its 
secondary, more specialized reactions.* 

In our experimental work with groups and with reactions occurring 
within them inter-individually, my associates and I have likewise been 
led—and quite independently—to discriminate between the organism’s 
integral behavior-reactions and what I have called its partitive behavior- 
reactions. The integral behavior-reactions are those which relate to 
the organism’s primary integration both as an individual and as a 
phylum.' These are man’s neuro-central or organismic patterns of mo- 
tivation. The partitive behavior-reactions, on the other hand, are 
secondarily acquired by each individual as gradually he builds up the 
system of verbal images that constitutes his symbolic or mental life. 
In contrast to the organismic, neuro-central patterns of reaction, these 
partitive responses belong to man’s neuro-social or to his symbol-form- 
ing patterns of motivation.5 Our experiments within groups give indi- 


* Goldstein, Kurt. Der Aufbau des Organismus. E/infiihrung in die Biologie 
unter besonderer Beriicksichtigung der Erfahrungen am kranken Menschen. The 
Hague, Martinus Nijhoff, 1934. 

Das Symptom, seine Entstehung und Bedeutung fiir unsere 
Auffassung vom Bau and von der Funktion des Nervensystems. Archiv fiir Psy- 
chiatrie, 1926, Band 76, pp. 84-103. 


Die ganzheitliche Betrachtung in der Medizin. Einheitsbestre- 
bungen in der Medizin. Dresden und Leipzig, Theodor Steinkopff, 1933, pp. 143- 
158. 

The problem of the meaning of words based upon observation 
of aphasic patients. The Journal of Psychology, 1936, Vol. 2, pp. 301-316. 

—_—_—_———.. The modifications of behavior consequent to cerebral lesions. 
Psychiatric Quarterly, 1936, Vol. 10, pp. 586-610. 

‘Burrow, Trigant. The Structure of Insanity. A Study in Phylopathology. 
Psyche Miniature Series, London, Kegan Paul, Trench, Trubner & Co., Ltd. 1932. 

The morphology of insanity as a racial process. A study of 
attention in relation to adaptive disorders. The British Journal of Medical Psy- 
chology, 1933, Vol. 12, pp. 296-312. 

*In a paper written recently for a sociological journal (see Note 6) I used 
the term “neuro-social” to describe the organism’s basic patterns of reaction in 
contrast to the more superficial patterns to which I referred as “politico-social”. 
In the present article which is addressed to physicians and psychologists I have 
reverted to a more biological usage. The term “neuro-social”, therefore, which in 
my earlier paper defined the organism’s more basic behavior-reactions, is used in 
the present essay to describe man’s superficial behavior-patterns in contrast to what 
I speak of here as the organism’s “neuro-central” patterns of reaction. 
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cation that man’s behavior-aberrations, specifically the aberrations we 
call mental and nervous disorders—not to mention man’s more wide- 
spread social anomalies of behavior—are closely bound up with certain 
deviations in protoplasmic function attendant upon his acquirement of 
this reflex system of symbols or of language. Investigation gives indi- 
cation that man’s primary total function and his more restricted partitive 
or socio-symbolic function have become seriously entangled and con- 
fused, and that the overlapping of the two systems now causes conflict 
within the sphere of the organism’s behavior both as an individual and 
as a phylum.® 

The motivation of man as a phylum and his motivation as an in- 
dividual normally arise from the common and integral basis that pri- 
marily coordinates these two aspects of man’s behavior—the individual 
and the phyletic—into a unitary organismic whole, But instead of re- 
acting socially from this integral basis common to the individual and to 
the phylum, the separately acquired part-function of the individual, 
represented in the neuro-social function of the symbol or of language, 
has assumed an arbitrary, partitive independence toward the total or- 
ganism of man, and now even functions antagonistically in relation to 
the organism in its basic and integral motivation as a species. 


II 


It should be recalled that in the study of an organism’s total reactions 
in contrast to its partial reactions investigators have included in their 
observation not only those partial patterns which represent pathological 
deviation from the total pattern but also those partial, reflex patterns 
that are normal. So, too, in dealing with socio-symbolic deviations 
occurring within the phylum man, the investigations of my associates 
and myself have included not only deviations that are obviously patho- 
logical but also those partitive, reflex digressions from the total pattern 
that characterize normal behavior. Where investigations of the group 


*Burrow Trigant. The law of the organism. A neuro-social approach to the 
problems of human behavior. The American Journal of Sociology, 1937, Vol. 42, 
pp. 814-824. 

The organismic factor in disorders of behavior. Journal of 
Psychology, 1937, Vol. 4, pp. 333-341. 

———_———. The organism as a whole and its phyloanalytic implications. 
An organismic approach to disorders of human behavior. The Australasian Journal 
of Psychology and Philosophy, 1937, Vol. 15, pp. 259-278. 
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are made from within the group—where they are made not only from 
the standpoint of the neuro-social onlooker, but also from the inclusive 
basis of man’s common neuro-central or organismic pattern of motiva- 
tion—these investigations readily disclose the presence of an alien and 
unassimilable element, of an ulterior and contradictory factor or trend 
that causes division and discord within the organism’s behavior as a 
whole. 

Viewed from the integral background of motivation inherent in the 
group or phylum this ulterior element with its attendant conflict is as 
invariably present in the so-called normal personality as in the personality 
of the neurotic. Investigation shows that this conflict intercepts the 
spontaneous behavior of normal individuals in their customary inter- 
change as definitely and as reflexly (“unconsciously”) as it intercepts 
the spontaneous behavior of the psycho-neurotic. It would appear there- 
fore that, in assuming his normal, neuro-social patterns of motivation 
as basic, man has reckoned without adequate allowance for the primary 
principle of motivation that resides in the total pattern of action per- 
taining to the phylum as a whole. In short, it would appear that in 
reckoning with man’s disorders of behavior only upon a neuro-social 
level man has reckoned without his host. 

Freud and his followers long ago recognized that the reaction-in- 
stance subjectively, symbolically, experienced as the wish is an affect- 
reaction that completely dominates the behavior of the psychoneurotic 
personality.’ But phylobiological or intra-group analysis, which in- 
cludes the reactions of the observer along with the reactions observed, 
makes evident that the affect-reaction subjectively experienced as the 
wish is a reaction-instance that dominates the behavior of the community 
at large. This motivation reflected in the wish and now governing 
human behavior is as yet completely unrecognized by man to be a 
behavior-motivation that affects his reactions as a community or species. 
It yet remains for man to realize that the dominance of the affective 
reaction-instance experienced subjectively as the wish is not an individual 
faux pas but a phyletic anomaly. It is noteworthy, however, that in the 
psycho-neurotic as in normal individuals the phenomenon known 
psychically as the wish is found only in the sphere of man’s neuro-social 


*A description of the pleasure principle as presented by Freud will be found in 
my paper, Conscious and unconscious mentation from the psychoanalytic viewpoint. 
Psychological Bulletin, 1912, Vol. 9, pp. 154-160. 
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or symbolic behavior, that the capacity to employ mental or psychic 
images in the expression of his wishful feeling and thinking is a function 
alone of the symbolic segment of man’s organism. 


III 


The physiological psychologists have long recognized that beneath 
certain subjectively appreciable states of the individual—beneath the 
emotional reaction of anger or fear, as beneath the state experienced as 
hunger, fatigue or grief —there are traceable definite physiological 
alterations internal to the organism.’ | In like manner our group studies 
give indication that the affect-state subjectively expressed throughout 
the phylum of man as the wish is appreciable in definite physiological 
tensions internal to the organism. Our experimentation with individuals 
and with groups further shows that these internal alterations occurring 
in the symbolic segment and producing the affect-reactions experienced 
subjectively as the wish may be sharply discriminated from the internal 
tensional alterations which regulate the organism in its primary behavior 
as a whole. These two patterns are discriminable from one another 
because of a conflict between the integral physiological designs that takes 
place at their point of juncture. This point of juncture and its attendant 
conflict may be detected especially in the zone of the eyes because of 
the dual relation of this zone or segment to the total and the partitive 
reaction-systems. According to the dominance of the configural design 
the function of the eye-movements is very different in the two patterns. 
That is, the two integrative patterns or ambits present a different con- 
figuration or design according as the movements of the eyes and their 
attachments occur in relation to the pattern of behavior of the organism 
as a whole, or in relation to the pattern that motivates the organism in 
its partitive (neuro-social) or symbolic adaptation.® 


*Cannon, W. B. Bodily Changes in Pain, Hunger, Fear and Rage. (and 
edition) New York, Appleton, 1929. 

——_—_———.. The physiological basis of thirst. Proceedings of the Royal 
Society of London, 1918, Vol. 90B, pp. 283-301. 

James, W., and Lange, G. C. The Emotions. Baltimore, Md., Williams and 
Wilkins, 1922. 

Blatz, W. E. The cardiac, respiratory and electrical phenomena involved in 
the emotion of fear. Journal of Experimental Psychology, 1925, Vol. 8, pp. 109-132. 

*Experiments undertaken in 1937 at the summer research station of The 
Lifwynn Foundation at Merrill, New York, give indication of a new and signifi- 
cant field of observation in relation to human behavior. The instrument used con- 
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It should be noted that man’s neuro-social or symbolic pattern of 
motivation represents a biological innovation that is acquired within the 
life experience of the individual., Only in the gradual process of learn- 
ing does the organism acquire the complex of neuro-social reactions that 
represents man’s reflex system of symbols or verbal images with their 
attendant affects. As this partial pattern marks an innovation within 
the life of man that entails a conflict with the more ancient patterns of 
his primary organismic life, it stands in sharp contrast to these patterns. 
Something takes place within the organism individually and as a com- 
munity that is definitely extraneous to its primary organismic life. But 
while man’s neuro-social or symbolic adaptation is a functional variation 
that is repeated within the life of each individual, this functional innova- 
tion has taken place throughout the species of man as a whole. Man’s 
neuro-social processes are, therefore, functional at the same time that 
they are morphological, they are individual at the same time that they 
are generic. It is due to this circumstance that the neuro-social or 
symbolic modification in man may be localized and rendered discrimin- 
able from the physiological modifications which underlie man’s more 
ancient, instinctive, total patterns of response. 


IV 


If man’s behavior-disorders represent a neuro-social deflection from 
the organism’s primary internal patterns of reaction, if man’s anomalies 
of behavior are really protoplasmic and physiological, only a form of 
internal orthopedics will be competent to remedy these bio-physical mal- 
adjustments internal to the organism. Our task, then, is that of isolating 
the “partial action pattern”, to use Coghill’s term, and of determining its 
relation to the organism’s “total pattern of action’. But it is more than 
this. It is to recognize that the partitive pattern of modification con- 
comitant to the organism’s symbolic behavior has overtly encroached upon 


sisted of an apparatus specially constructed at the Harvard Psychological Labora- 
tory for the laboratory of The Lifwynn Foundation. This apparatus, consisting 
of a multiple kymograph, is a modification of the device originally constructed at 
Harvard by Volkmann and Gerbrands. Even the tentative experiments thus far 
made appear to indicate a significant difference in the character of the respiratory 
curves obtained during a subject’s symbolic activity with its accompanying visual 
convergence and the tracings obtained under conditions that excluded mental 
imagery with concomitant visual accommodation. A detailed description of these 
preliminary experiments will appear in a paper by the author now in preparation. 
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the organism’s primary behavior as a whole, and that this encroachment 
has, in the terms of Goldstein, reversed the relationship of “figure and 
ground”. It is to recognize that the organism’s partitive, or neuro-social 
behavior—the organism’s partial action-pattern or figure—in becoming 
over-emphasized, has dominated and, in effect, inverted its relation to 
the primary organismic behavior of man both as an individual and as a 
phylum. From this altered phylobiological frame of reference it is 
entirely consistent to say that this reversal of figure and ground within 
the species has entailed a community-wide deflection within the primary, 
organismic behavior of man throughout. In the last analysis, therefore, 
it becomes our task to re-integrate these dominant symbolic part- 
reactions into the organism’s total pattern of motivation and, in so doing, 
to subordinate them to the primacy of the organism’s behavior as a 
whole. 

And this brings us to the matter of actual technique. The technique 
employed in discriminating the wish-motivated or neuro-social pattern 
of behavior from the neuro-centrally motivated pattern of behavior re- 
quires that the student, whether normal or neurotic, whether physician 
or patient, centre his interest upon the physiological segment that is 
most acutely involved in this neuro-social] deviation. Accustomed as 
we now are to the constant employment of symbolic thinking in our re- 
lation to each other and to the external world, it is difficult for us to 
realize in terms of appreciable physiological sensation the primary func- 
tion of the eyes in their total, organismic relations. Nevertheless in man, 
as in other animals, the eyes were originally employed as part of a 
primary bionomic system which related the organism as a whole to the 
total environment, prompting the organism’s interoceptive choice or re- 
jection of the objects of the outer world according as they conserved or 
failed to conserve the life of the organism as a whole. We have, of 
course, a theoretical knowledge of this primary function of the visual 
segment as it existed in man prior to his acquirement of the reflex in- 
tegrations that are coincident with the development of language. But 
with our present overwhelming use of symbols, complicated as they now 
are with the affects or wishes that have become amalgamated with them, 
man’s tendency is to forget the prior function of the eyes and thus to 
disregard their integral relation to the organism as a unitary whole. 

Upon investigation, then, it is found that the eyes occupy a position 
which stands functionally midway between the reaction-constellation that 
constitutes the physiological pattern of the neuro-social segment on the 
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one hand and the organism’s total proprioceptive or neuro-central pattern 
of reaction on the other. In the pattern-complex that makes up the 
neuro-social, symbolic system of reactions, the organ of vision, as we 
know, occupies physiologically an important position. In the ocular 
tensions associated with verbal mentation or symbolic perception the eye 
serves, of course, the function of recognizing an object or process to 
which the organism’s exteroceptive attention has been drawn. Several 
investigators have shown that very fine eye-movements accompany the 
function of symbolic perception and that these movements are a neces- 
sary concomitant to the process of thinking and imagination.’ 
Investigation of the relation between the primary and the partial 
patterns of reaction further makes evident that in the larger pattern- 
complex that comprises the organism’s primary total action, the visual 
organ occupies a no less central and important role.. The eye with its 
muscular system of tensions and strains is of central significance in the 
organism’s kinesthetic, stereognostic and general neuro-central function. 
In maintaining the organism’s equilibrium, in coordinating its relation to 
outer space and time, and in the adjustment of its general muscular tone 
and balance in respect to the objects of the outer environment, the eye 
and its appendages play an exceedingly important role. Because of this 
central position which the eye occupies functionally between the organ- 
ism’s neuro-social or partial action-pattern and its neuro-central or total 
pattern of response, the organ of vision constitutes physiologically an 
organic integral that is common to both these systems. One would 
expect, therefore, that this organ common to the two systems—the 
neuro-social and the neuro-central— would be especially disposed to 
register whatever conflict or overlapping of function has been induced 
through a disparity of tensions between the two pattern-complexes— 
between the dual functions embodied in the organism’s neuro-social and 
its neuro-central systems. As a matter of fact one finds through actual 
internal observation that the organ of vision and its adjacent structures 
afford a significant clue in the effort to give sharper outline to the sensa- 
tion of overlapping and conflict existing between these two reaction- 
patterns. In the contradictory and quite irreconcilable sensations ob- 


* Jacobson, Edmund. Electrophysiology of mental activities. American Journal 
of Psychology, 1932, Vol. 44, pp. 677-604. 

—_—_———. Electrical measurements of neuromuscular states during mental 
activities ; Evidence of contraction of specific muscles during imagination. Ameri- 
can Journal of Physiology, 1930, Vol. 95, pp. 703-712. 
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servable at this point of juxtaposition between the two physiological 
patterns one finds a valuable entering wedge to the internal physiological 
conflict between them. One finds that this point of coalescence between 
the two systems provides him with a definite means for observing the 
organism’s behavior in respect to two differential systems of response 
that have become too closely interrelated. It is found that the tensions 
of the eye and its associated structures in orienting the organism in 
respect to the environment symbolically or neuro-socially possess a 
wholly different character from the tensions of the eye and its associated 
structures when responding as an element within a total neuro-central 
system of kinesthetic balance and coordination. 

But it should be emphasized that our investigations of internal strains 
and tensions have not concerned themselves primarily with these in- 
ternal manifestations as they become perceptible merely in this or that 
particular neuromuscular segment or body-part, or as they occur in this 
or that particular individual. They are concerned with perceptible ten- 
sions as they are related to the behavior of man’s organistn as a whole. 
The sensations and reactions which are bound up with man’s symbol- or 
word-conditioned reflexes are not only inadequate to represent the 
organism in its total behavior-response, but they tend to occupy a posi- 
tion physiologically that is in direct opposition to the organism’s total 
behavior. Through the gradual intervention of word-conditioned re- 
flexes man is now subject to disordered physiological functions which, 
while widely operative socially, have not as yet been phyletically investi- 
gated, and in consequence their generic significance has been quite 
overlooked. 


¥ 


The method to which I refer has not been derived from theoretical 
or conceptual principles. Beginning in 1920 I have worked intensively 
with groups composed both of normal and neurotic subjects, and this 
work has included my own processes along with the processes of the 
patients, students and associates who have worked in cooperation with 


™ Pavlov, Ivan P. Lectures on Conditioned Reflexes. Twenty-five Years of 
Objective Study of the Higher Nervous Activity (Behavior) of Animals. With 
an introduction by Professor W. B. Cannon. New York, International Publica- 
tions, 1928. 
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me.??_ My effort from the first was directed toward isolating, if possible, 
the common element responsible for the organism’s domination by af- 
fective or wishful impulses—man’s partial pattern of behavior—as they 
exist equally in the “normal” community and in the neurotic patient. 
For experimentation showed that, in their neuro-social adaptation, 
normal as well as neurotic individuals are completely subordinated at all 
times to the partitive pattern of response embodied in the linkage be- 
tween affect and symbol. They are subordinated completely to the reflex 
alliance between the psychic signal (the word) and the psychic response 
(the affect) that now exists socially among us. What is more, all our 
symbolic or neuro-social efforts to separate the affect from the symbol 
proved utterly ineffectual. It is true that affect-images are often subject 
to revision through the ordinary psychiatric channels of understanding, 
counsel and reinterpretation, but when it comes to a question of divorc- 
ing im toto the sphere of the wish or the affect from the sphere of the 
symbol, our current psychic methods of therapy prove unavailing. 
While our group experiments made evident that the wide and invariable 
disparity between the individual’s words and the wish that lay back of 
them is a phenomenon specific to the inter-individual, neuro-social or 
symbolic pattern of human interchange, the important factor in these 
early experiments was the disclosure that no amount of neuro-social 
insight was of the least avail in the effort to bridge and resolve this 
reaction-conflict. It was because of the repeated frustration of my ef- 
forts to deal with neurotic and normal conflicts as reflected in the organ- 
ism’s neuro-social patterns of reaction that I was led to adopt an 
experimental procedure which would reduce our inquiries to more basic 
bio-physical principles. 


* Burrow, Trigant. Social images versus reality. The Journal of Abnormal 
Psychology and Social Psychology, 1924, Vol. 19, pp. 230-235. 

—_—_———. Our mass neurosis. The Psychological Bulletin, 1926, Vol. 23, 
Ppp. 306-312. 

——_—_————. Insanity a social problem. The American Journal of Sociology, 
1926, Vol. 32, pp. 80-87. 

So-called ‘normal’ social relationships expressed in the individual 
and the group, and their bearing on the problems of neurotic disharmonies. The 
American Journal of Psychiatry, 1930, Vol. 10, pp. 101-116. 

. Physiological behavior-reactions in the individual and the com- 
munity. Psyche (London), 1930, Vol. 11, pp. 67-81. 
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VI 


The procedure I am proposing in my effort to meet the problem of 
behavior-disorders is a direct and eminently practical one. It means the 
application of a physiological, medical procedure to the aberrations or 
disorders expressed in behavior deviations. It means that the physician 
occupied with behavior-disorders will adopt a procedure toward his 
patient that is as concrete medically, biologically, as is the procedure of 
the physician who deals with any other disorder falling within the 
domain of medical practice. Instead of attempting to cope with a 
patient’s psychic phenomena or with the epiphenomena expressive of 
this factor of the affect or the wish—instead of being occupied with the 
endless thoughts, hopes, ideas and disappointments, with the phobias, 
the resistances, the transferences, the dependencies, and the infinite 
variety of a patient’s psycho-sexual maladjustments, actual or repressed 
—the student of behavior will apply himself to the physiological tensions 
and alterations that constitute the organic substrate of these psychic or 
epiphenomenal processes. Abrogating the patient’s dreams and phanta- 
sies, his compulsions, obsessions and intricate rationalizations, together 
with their psychiatric systematization in the complex anomalies of be- 
havior we know as schizophrenia, hysteria, compulsion neurosis, the 
alternations of manic-depressive psychosis etc., etc., the physician will 
direct his own and the patient’s neuromuscular patterns of reaction, now 
involving conflicting part-tensions antagonistic to their common, total 
phylum, into physiological tensions which are in harmony with and fully 
assimilable by the organism as a whole.” 


* At the meeting a year ago of the American Psychiatric Association it was 
reported that three psychoanalysts had ministered to the “unconscious” of a certain 
well-to-do lady for nine consecutive years, the procedure having been conducted 
on a basis of successive relays that occupied some three years for each physician. 
The project that connected the Atlantic and Pacific Oceans by means of the 
Panama Canal occupied but ten years. And even the vast reconstructive plan of 
the Russias required only little more than half this duration. Fancy, then, three 
psychiatric experts picking the brains of one woman for an hour daily over a 
period of nine years! If this isn’t a clear case of folie 4 deux the literature does 
not afford one. And yet, believe it or not, the difficulty of which the patient in 
question complained was “a lack of adjustment to reality”! Does any one wonder 
that according to the clinical report the patient’s sense of unreality was not less 
marked at the end of her novena than when she set forth? But if we think these 
eminent physicians amusing, if we think their behavior bizarre, we have only to 
consider the degree in which this type of tomfoolery characterizes the neuro-social 
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The effort to re-integrate partitive patterns of behavior that have 
become dominant in respect to the organism’s total pattern of motivation 
is not a light undertaking. In theory the procedure is simple enough, 
but in actual practice one’s habitual subordination to neuro-social or 
symbolic reflexes constantly tends to defeat the student’s effort. As I 
have said, however, the recourse which has been of significance to me 
and to others associated with me has been to direct our observation 
upon sensations occurring in the region of the eyes. With continued 
practice one very soon acquires a sense of the differentiation between 
those tensions associated with verbal or mental images and those tensions 
which pertain to the organism as a whole. As the neuro-social system 
with its artificially linked affect and symbol is bound up with man’s 
inter-individual or symbolic wish-impulse and with the endless mental 
symptoms, isolated and systematized, that go along with it, the reas- 
similation of the neuro-social pattern into the organism’s primary, 
neuro-central pattern or configuration tends gradually to reestablish in 
the individual and in the group the behavior that is primary and inherent 
in the organism as a whole. 

As man’s partitive, neuro-social patterns of behavior are as char- 
acteristic of normal processes with their social give-and-take as of the 
behavior of neurotic patients with their shut-in habits of rumination, it 
is incumbent upon physicians and educators as elements within a normal 
community to apply this same physiological method of adjustment in 
reference to the external, neuro-social forms of adaptation characteristic 
of normal processes.) Instead of occupying ourselves with neuro-social 
agreements or disagreements as these behavior-reactions constitute the 
torturing dilemmas and conflicts of the neurotic patient and as they 
occur in the inter-individual and international competitiveness char- 
acteristic of social groups, we will! attempt to recognize in these behavior- 
processes the dominance of partial patterns of reaction that are antago- 
nistic to man’s total pattern of behavior as a phylum. From this 
bio-physically altered frame of reference we shall seek to remedy in- 
adequacies in individual and social adjustment through a technique that 
permits the restoration of the organism’s total pattern of behavior in 
its primary sovereignty over secondary, partitive patterns. 


community generally. For such bizarre expressions are only part of the normal 
“unconscious”, or the system of partitive reflexes which, as a species, we have 
arbitrarily substituted for the organism's basic behavior as a whole. 
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It is therefore suggested that this physiological method of differen- 
tiating between the constellations of phantasy and actuality, between the 
wish and the direct environmental stimulus to total action, be adopted 
as a means of adjusting disorders of behavior generally. It is suggested 
that rather than adhere to the psychological method of analyzing each 
separate wish as it is presented symbolically in each separate individual, 
students of behavior employ a physiological technique of adjustment 
such as will reach the processes immediately responsible for disorders 
of behavior as they occur in the individual and in the community. 
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TUBERCULOSIS AND CIVILIZATION? 


PART I. BASIC FACTS AND FIGURES IN THE 
EPIDEMIOLOGY OF TUBERCULOSIS 


BY GEORG WOLFF* 





“Kein organisches Wesen ist ganz der Idee, die 
zugrunde liegt, entsprechend ; hinter jedem steckt 
die hdhere Idee. Das ist mein Gott, das ist der 
Gott, den wir alle suchen und zu erschauen 
hoffen, aber wir kénnen ihn nur ahnen, nicht 
schauen.” 


(Goethes Unterhaltungen mit dem Kanzler Fried- 
rich v. Miller. Hersg. von C. A. H. Burkhardt, 
Stuttgart, 3 Aufl., S. 177.) 


I. INTRODUCTION 


==] | WAS with the above quoted aphorism of Goethe’s that the 
: psychiatrist Kurt Hildebrandt concluded a thoughtful chap- 
ter on the “Idea of the Norm” contained in his very valuable 
——— 4] treatise Norm und Entartung des Menschen, founded on 
Plato’s conceptions. The first edition of this book, written between IQII 
and 1916, was published shortly after the war and had as a sequel a 
volume entitled Norm und Verfall des Staates. Naturally the author 
referred in this book to the conception of race which in those days had 
as little to do with political anthropology as had Galton’s Eugenics. 






*From the Department of Biology of the School of Hygiene and Public 
Health of the Johns Hopkins University. The substance of this paper formed 
the first of a series of three special lectures at the London School of Hygiene 
and Tropical Medicine, delivered in October, 1937. 

The author is deeply indebted to Professor Major Greenwood, F. R. S. 
(London) for the translation of these lectures, and is thankful to Professor 
Raymond Pearl (Johns Hopkins University, Baltimore) for the opportunity to 
continue the tuberculosis work. 

*Fellow in Biology, 1937-38, under a grant from the Emergency Committee 
in Aid of Displaced Foreign Physicians. 
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We may distinguish between the sound and unsound, but the funda- 
mental question in any problem, as Hildebrandt asked himself, is what 
we really mean by normal. He finds support in the results of the 
Mendelian laws and defines as degenerate [entartet] or abnormal, patho- 
logical mutations which are correlated with a functional organic disease 
or inferiority. 

It is true that the determination of the normal in biology and path- 
ology and above all biometry, regarded as a natural science, is the first 
subject in all quantitative researches. Hildebrandt from the high peak 
of philosophy, looks down upon statistics as a formal method with a 

tain scepticism: “To a statistical age nothing seems easier than the 
uc. rmination of the norm, one calculates the average and this is the de- 

.d norm. How are we to interpret the results of such an objective 
mathematical proceeding? Genius and Idiot are equally removed from 
the average, both therefore are abnormal. (To whom this conclusion 
is more agreeable than to the average man). The true naturalist will 
always realize the ambiguity of statistics and only employ statistics with 
caution and as an auxiliary”. (loc. cit., p. 65). 

One might add that the true statistician, that is to say, one trained in 
the foundations of scientific thought, like every other true man of 
science, is equally conscious that statistics is only a method, an instru- 
ment to be applied to the data of natural science, social science, mental 
science, and many other fields of knowledge. On that account nothing 
is more profitable to the statistician than to have a sound knowledge of 
the speciality which provides him with material for an analysis. If he 
is himself a specialist in this field so much the better, for then he will 
know what is behind the figures. This, of course, applies to other 
methods, such as microbiological investigations in medicine. Of course, 
there are men of genius who are exceptions to the rule; the bacteriolo- 
gist, Louis Pasteur and the statistician, Karl Pearson, were not trained 
biologists. But the beauty of a method should never disguise the 
problem as sometimes happens; yet a knowledge of method is naturally 
an indispensable preliminary for the solution of problems. 

In this matter of norms we should be still nearer agreement with the 
sceptical philosopher, had he shown us some other plan of determining 
the borderline of the normal. This, Hildebrandt does not do but a little 
later he does give, following Plato’s train of thought, a very beautiful 
and almost intuitive definition of the norm: “The norm or normal is an 
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idea, a picture, which can be seen even if it is not presented to the bodily 
senses.” 

We shall not dwell on the significance of the norm idea as a picture 
(as distinct from the abstract conception of Immanuel Kant) nor dis- 
cuss its power in the ordering of biological variability of the individual. 
But it brings us nearer in our subject, namely, the relation between 
disease and civilization; for the degeneration of civilised man or the 
pathology and biology of the race is rather a picture that can be seen 
than something capable of an exact definition. In the consideration of 
an investigation on tuberculosis and cancer, subjects of greatest interest 
from all these points of view, we shall attempt to illustrate their relations. 

Relations of frequency can only be determined by statistical methods ; 
a normal frequency of tuberculosis or cancer in different races or social 
strata cannot be said to exist; at the most we have a probability based 
upon those mass observations the adequate intellectual expression of 
which is statistical. We do not hold that in this statistical age all forms 
of biology or even physiology, art and aesthetics should be judged by 
statistical standards. But the goal of a natural science will constantly 
be a quantitative determination of its conformity to law as Kant in his 
famous introduction to Metaphysische Anfangsgriinde der Naturwis- 
senschaft clearly expresses: “It is my opinion that in any branch of 
nature study there is only just as much real science to be found as we 
find therein mathematics.” 

Only under these circumstances when objective determinations re- 
place assertions and subjective decisions, in pathology and biology, 
sociology and especially racial pathology, can these subjects make any 
claim to be regarded as natural sciences. 


2. FACTS AND FIGURES IN THE EPIDEMIOLOGY OF TUBERCULOSIS 


Neither historians of medicine nor epidemiologists doubt that tuber- 
culosis is an ancient disease of the human race. Recognizable descrip- 
tions of pulmonary tuberculosis are to be found in the writings of Greek, 
Roman, and Arabian physicians, although, of course, the pathological 
and etiological connections were but little understood. The proof of 
infectiousness and the nature of the infections were confirmed by Robert 
Koch’s classical discovery and pure cultivation of the tubercle bacillus 
in 1882 which set a seal upon the experiments some twenty years earlier 
of the French clinician Jean Antoine Villemin, who in 1865 produced 
the disease by inoculation of tubercular material into experimental ani- 
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mals. Upon this great foundation the experimental study of tuberculosis 
has been built. We have differentiation of human and bovine tuber- 
culosis made by experiments on guinea-pigs and rabbits, a differentiation 
of importance in the pathogenesis of particular localizations of tubercle 
as well as in certain special problems of epidemiology. Furthermore in 
connection with the work of Metschnikoff and Ehrlich on immunity, 
special applications within the field of tuberculosis immunity were made, 
such as, for instance, Pirquet’s diagnostic method ; and lastly a continu- 
ance of the work initiated by Koch and his colleagues, having for its 
object the specific treatment of latent or open tuberculosis by exhibition 
of a substance toxic to the existing organisms (tuberculin treatment). 
These later investigations have been supplemented by efforts, particu- 
larly those of Calmette to obtain a method of protection against tuber- 
culosis having an analogy with Jenner’s smallpox vaccination. The plan 
has been to employ living but avirulent tubercle bacilli (B.C.G.) and 
saprophytes (tuberculosis of cold-blooded species, Friedmann’s organ- 
isms). Some time ago Behring attempted to eliminate cattle tuberculosis 
by an inoculation of dried tubercle bacillus of the human type. These 
attempts were unsuccessful as would be expected in a disease the course 
of which is as slow as that of tuberculosis in man, and thereby shows 
that in the majority of cases natural infection does not produce an 
enduring immunity. This is the sharpest contrast to such cases as that 
of smallpox. 

What then are the factors which have produced the decline of the 
mortality from tuberculosis observed during, say, the last fifty years in 
all civilized countries? This brings us to the epidemiological considera- 
tion of tuberculosis. It is a pestilence which always claims its premature 
victims in the living population, that is to say, forming a mass reaction 
of human society to be studied by the technique of statistics and social 
medicine. We speak to-day of the epidemiology of tuberculosis as a 
special part of tuberculosis research, confining ourselver nerely to the 
mortality statistics of different lands. These statist cs extend in a 
majority of states for hardly more than fifty years backwards; in a few, 
England and Prussia, for instance, rather longer. Nevertheless these 
data despite all their inherent defects, errors of diagnosis, changes of 
classification, etc., give us valuable information and establish incon- 
testably that mortality from tuberculosis has declined enormously in 
the last fifty years. It is quite true that we have no exact knowledge 
as to the rate of mortality from tuberculosis 200 or even 100 years ago; 
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one has merely scanty observations and the death registers in church 
books in scattered towns which indicate that then tuberculosis of the 
lungs, called variously phthisis pulmonum, wasting, Blutsturz, etc., was 
a great cause of mortality. At any rate there is no reason at all to 
suppose that in early times tuberculosis was rare. 


Prinzing (1) writes: 


In previous centuries it (mortality from tuberculosis) was certainly heavy in 
Europe. Wide distribution of the disease in Italian states of the seventeenth and 
eighteenth centuries can be inferred from methods of prevention in different towns. 
In the eighteenth century we have some statistical information. Through the 
changes in nemenclature and the failure to grasp pulmonary tuberculosis as one 
disease we cannot obtain reliable figures of deaths from pulmonary tuberculosis, 
Various attermpts have, however, been made. According to a table of Siissmilch— 
in the time of Frederick the Great—for every 100 deaths in Berlin in 1746, 1750, 
and 1757, 14.7 percent were deaths from consumption and hectic fever; as the 
mortality (not counting stillbirths) in these years was 37.6 per thousand, it 
appears that there would be 553 deaths from the two mentioned causes for every 
100,000 persons. 


Prinzing adds the calculations of Gottstein (2) for Breslau for 
1687-91, and Peller (3) for Vienna for 1752-54; the famous calculations 
of Sundbarg (4) for the mortality from pulmonary tuberculosis in 
Sweden for the period 1751-1830 show particularly, for Stockholm, an 
astonishingly high mortality (Table 1). 








TABLE 1 
Mortality from pulmonary tuberculosis per hundred thousand population 
(After Sundbarg) 

YEAR SWEDEN STOCKHOLM YEAR SWEDEN STOCKHOLM 
1751-1760 213 732 1791-1800 240 850 
1761-1770 206 689 1801-1810 251 837 
1771-1780 208 744 1811-1820 269 872 
1781-1790 231 877 1821-1830 277 931 





Naturally these calculations are affected by many sources of error. 
“The causes of death were recorded by the clergy, in the period covered 
the prescribed nomenclature was changed 5 times, particularly unreliable 
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are the figures for 1750-73, in which phthisis and deaths of the respira- 
tory organs are combined” (Prinzing). With all these reservations the 
calculations, such as those of Sundbarg, give us some reason to say that 
mortality from tuberculosis in the middle of the eighteenth century, 
particularly urban mortality, was very high; the rate actually increased 
at the beginning of the nineteenth century and reaches its peak, as far 
as Stockholm is concerned, with 931 per 100,000 in the decennium 1821- 
30. There is then a great gap until the institution of official statistics of 
causes of death provided us with exact data. These still showed in the 
first years of publication, 1876 and 1877, values of 430 and 431, which 
declined at first slowly. About this time other states showed in their 
official reports high mortality figures ; in Paris in 1876-80 they fluctuated 
about 400 and in London and Amsterdam about 250; in Berlin about 
350; in Oslo and Copenhagen more than 300, and in Budapest still at 
this time, more than 800 deaths attributed to pulmonary tuberculosis (5). 

To-day these figures seem exorbitantly high although they actually 
relate to only fifty or sixty years ago. Nowadays in many countries the 
yearly averages found in large cities show mortality from tuberculosis 
of all sorts, well under 100 per 100,000. The facts are known although 
their causes are still disputed. In the summary in Table 2 we give a 
few indications taken from the official material for the most important 
countries where official mortality figures have been compiled from at 
least the beginning of the century. 

According to the data of Table 2 the decline of tuberculosis has been 
greatest during the last half-century in Denmark, Prussia, Belgium, 
England and Scotland, much less in Ireland and Finland, the statistics 
of which only go back as far as 1876-1880. (Figures for Austria are 
hardly comparable, for the republic of the present day has in area and 
population but little in common with the ancient monarchy). In the 
five first named countries the figure for tuberculosis mortality is at its 
lowest ; in the first seven European countries mentioned in Table 2 the 
rate of mortality is now below 100 per 100,000 living. 

In most other countries the mortality figures do not extend back 
further than the beginning of the present century. We note that the 
mortality from tuberculosis in the quinquennium 1926-30 in the registra- 
tion area of the United States of America was nearly as low (79 per 
100,000) as in little Denmark (76 per 100,000) and actually lower than 
in any other European state. Still lower was the mortality figure for 
Australia (50 per 100,000) and New Zealand (41 per 100,000). These 
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TABLE 2 


Mortality from tuberculosis per 100,000 population, in the periods 
1876-80, 1901-05, 1926-30 and in the year 1933 





COUNTRIES IN ORDEROF 1876- 1I90I- 10926- RELATIVE FIGURE 1926-30 
MORTALITY IN 1926-30 1880 1905 1930 1876-80100 1901-05100 10933 








I 2 3 4 5 6 7 

1. Denmark* 313 193 76 24 39 58 
2. Netherlands are 187 87 ii 47 60 
3. German Empire e 207 89 s 43 73 
4. Prussia 317 IQ! QI 29 48 76 
5. Belgium 323 ? 05 29 ws 79 
6. England and Wales 2890 174 04 33 54 82 
7. Scotland 336 216 05 28 44 82 
8. Italy aor 167 127 " 76 99 
9. Sweden‘ awe ey 131 ahs aa 16” 
10. Ireland® 266 276 138 52 50 117 
11. Switzerland oe 265 139 on 52 106 
12. Spain ‘cents 199 140 at 7 117 
13. Norway 7 256 155 wa 61 12I 
14. Austria 377 341 158 42 46 130” 
15. France® aba aar° 166 Be 75 140” 
16. Hungary ae 306 225 = 57 170 
17. Finland’ 367 291 241 66 83 200 
18. New Zealand ner 93 41 si 44 41 
19. Australia sia 89 50 ae 56 44 
20. U. S. A® wa 193 79 me 41 60 
21. Japan ai 183 IQI Bs 104 188 





* Down to 1914 only urban areas, since 1920 for the whole country. 

* Down to 1910 only for a few towns reported on pulmonary tuberculosis. Since 
then all forms of tuberculosis for the whole country. The earlier figures are 
accordingly not comparable with the later ones. 

* Since 1919 only for the Irish Free State. 

* Towns with more than 5000 inhabitants. 

*Only pulmonary tuberculosis; since 1926-30, all forms of tuberculosis. 

* Registration States. 

* 1906-10. 

© 1932. 
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states indeed have had for years hygienically the most favorable condi- 
tions as indicated by mortality, expectation of life, and infant mortality. 
Mortality from tuberculosis and infant mortality are perhaps the best 
indices of hygienic progress. Compared with this a high mortality from 
tuberculosis (191), not to speak of high infant mortality, is found in 
that young but greatly rising industrial state, Japan. This rate of 
tuberculosis is only surpassed in Europe by Hungary (225) and Finland 
(241). It is noteworthy that in Japan mortality from tuberculosis has 
been rising since the turn of the century, making Japan an exceptional 
case in the field of epidemiological studies in tuberculosis. 

The last column of Table 2, for the sake of completeness, contains 
the most recent figures, namely for the calendar year 1933 (in Sweden, 
Austria, and France for 1932). There is not much change in the order, 
although the decline in mortality from tuberculosis found in Japan is 
evident ; again the Australian states show by far the lowest figures. They 
are followed at some distance by Denmark, Holland and the United 
States of America. In Europe, Finland and Hungary, and among the 
rest, Japan, show again the highest rates of mortality. 

That there has been a great decline in mortality from tuberculosis is, 
therefore, incontestable. If we consider the quinquennium 1926-30 
(column 5), we may say that within the fifty years, that is to say from 
1876-80 to 1926-30, in most states with sufficient data there has been a 
decline of from 25 percent to 3314 percent of the original height. Among 
others it is probable that the decline has hardly been smaller; for 
example, the United States, Australia and the Netherlands. Neverthe- 
less, we must still regard tuberculosis, even today in spite of our success, 
as a most formidable cause of death. There are two reasons for this; 
one is that it is a cause of mortality which snatches away a human being 
even in the prime of life, the other is that under particular conditions it 
may take on an epidemic form and claim over-many victims. Some 
figures will enable us to orient ourselves here (Table 3). 

In Berlin, 1928-30, two-thirds of the deaths from tuberculosis were 
of persons at ages between 15-50, as compared with one-fifth of the deaths 
at all ages from malignant tumors. Persons over 60 contributed only 
13.3 percent of the deaths from tuberculosis but contributed more than 
half the total deaths from cancer. These two causes of death in their 
distribution over age are almost antagonistic ; tuberculosis attacks those 
in the middle and full-working time of life, cancer on the other hand the 
later years. So, from the point of view of racial biology as well as 
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TABLE 3 


Age distribution of the deaths from tuberculosis and cancer in 
Greater Berlin, 1928-30 











AGE IN TUBERCULOSIS CANCER AND OTHER MALIGNANT 
YEARS TUMORS 
Absolute Percent Absolute Percent 
o-I 190 1.5 6 0.03 
I-15 798 6.2 104 0.5 
15-30 3897 30.2 339 1.6 
30-40 2591 20.1 (66.3 1008 4.8 \19.8 
40-50 2065 16.0 2820 13.4 
50-60 1648 12.7 5175 24.6 
60-70 1173 9.1 6405 30.4 
70 and over 545 4.2 5186 24.7 
Total 12907 100.0 21043 100.0 





political economy tuberculosis is the more serious evil, notwithstanding 
that as a result of the ageing of the populations of civilized states the 
actual numbers of deaths from cancer are greater than those from tuber- 
culosis. Relatively, cancer is a constant source of mortality affecting 
ageing people. There is even here slight indication of decline. Tuber- 
culosis is an epidemiological product of living organisms. It is, there- 
fore, sensitive to external factors, and given a lowered standard of 
living, may greatly increase. That tuberculosis, declining over the last 
fifty years, can flare up is shown by the experience of the world war, 
particularly in those lands where conditions of nutrition were difficult. 
Table 4 illustrates the point. 

Table 4 might almost be called a romance in figures which shows the 
fate of nations during the World War illustrated by the epidemiology 
of tuberculosis. The low-water mark of tuberculosis mortality since 
1880 was reached in the year 1913 with the figure of 135 deaths for 
100,000 persons for England and 137 for Prussia. Calling these 
figures 100 one sees in the following year as a result of war quite a 
small increase; by I915 it amounted in England to 13 percent; in 
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TABLE 4 


Tuberculosis mortality in England and Wales and in Prussia 
immediately before, during, and after the World War 











ENGLAND AND WALES PRUSSIA 
YEAR Per 100,000 Relative figure Per 100,000 ‘Relative figure 
living 1913 = 100 living 1913 = 100 
1910 143 106 153 112 
191! 147 109 ISI 110 
1912 137 101 146 107 
1913 135 100 137 100 
1914 136 101 139 101 
1915 152* 113 146 107 
1916 152* 113 158 115 
1917 160* 119 205 150 
1918 167* 124 230 168 
1919 128* 95 219 160 
1920 113* 84 158 115 
1921 113 84 135 99 
1922 112 83 143 104 
1923 106 79 153 112 
1924 106 79 122 89 
1925 104 77 109 80 
1926/30 94 70 91 66 





* Civil population only. 


Prussia scarcely to 7 percent; by 1916 it was still 13 percent in England 
and 15 percent in Prussia. Now we come near to the catastrophe. In 
the two following years, 1917 and 1918, the mortality figure in England 
continued to rise slowly, reaching 119 and 124 percent of the figure for 
1913; in Prussia there was a rapid increase of 205 and 230 deaths per 
100,000, that is 150 percent and 168 percent of the original figure for 
1913. In 1919 the mortality figure for Prussia, 219, which equals 160 
percent of the original, remained high, while in England the recovery 
from the world war privations began to show itself at once. The 
mortality figure 128 was even slightly less than that of the best of the 
peace years. This tendency to decline in the mortality from tuberculosis 
continued in England without interruption, if slowly, as the index figures 
show. In Prussia the mortality figure began to fall sharply in 1920, but 
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with 158 deaths per 100,000 or 115 percent of the figure for 1913, it 
was still decidedly above the pre-war level. By 1921 the figure was 
slightly below this. Now we come to the 1922-23 tragic years of in- 
flation in which mortality rates rose again to 143 and 153, 4 and 12 
percent above the standard value. One notices that this increase was 
nothing like so great as during the war. One recognizes again how 
closely the mortality figure reacts to unfavourable environmental factors. 
In November 1923 the introduction of the Rentenmark brought the 
period of inflation to an end. Values were stabilized. Every one knew 
what he earned and what he could buy with it. Shortness of provisions 
as in the war no longer existed. For the first time the tuberculosis 
figure for Prussia fell decisively below the level of 1913, with a rate of 
122 per 100,000 in 1924, II percent below the standard. This progress 
continued in the following years and in the quinquennium, 1926-30, the 
rate of tuberculosis, 91 per 100,000 was for the first time less than that 
for England. Actually it was 34 percent below the starting figure for 
1913. 

This involuntary mass experiment, freed of chance errors and made 
manifest by statistics, is of more epidemiological importance than endless 
theories of the pathology of tuberculosis; for it is shown with decisive 
clearness that over and above specific factors—hereditary and climatic 
factors—other influences are of still greater importance in the spread 
of the disease. One cannot really doubt that defective nourishment, in 
particular the lack of sufficient energy values in the national diet, to- 
gether, of course, with other deteriorations of the social environment 
are decisive factors. Neither bacillus, nor climatic conditions, nor 
hereditary factors affecting the German people in the winter of 1916-17 
differed from those of preceding and succeeding years. 

We draw near now to the analysis of etiological factors of the 
epidemiology of tuberculosis. But before this there are still a few 
figures of the distribution by sex and age during the last decennia that 
we shall consider. We shall take then by way of variety the recently 
published excellent monograph on statistics of the Bureau of the State 
of Ziirich (Sterblichkeit in der Stadt Ziirich 1893-1933. Ziirich, 1937), 
a very special work on comparative tuberculosis by Kruker and Senti 
(6). Swiss statistics are of particular value since unlike those of most 
countries mortality rates are corrected for locality; that is to say, in the 
case of persons dying away from their homes the deaths are transferred 
to place of habitual residence. 
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TABLE 5 


Tuberculosis mortality in Ziirich per 100 dead of all causes of the 
same age and sex 





AGES 


YEAR Under 75 and 
I I-4 5-9 10-14 15-29 30-44 45-59 60-74 over Total 








Males: 
1896-05 2.5 21.0 389 31.7 454 402 234 105 21 £2183 
1906-15 2.7 182 268 277 418 341 #180 73 13 «166 
1916-25 3.0 16.3 13.8 200 29.5 239 £129 61 24 127 
1926-33 1.7 IIO 14.4 #+&55 281 244 «104 40 18 I01 


Females: 
1896-05 28 24.0 304 51.4 588 37.7 185 88 29 #180 
1906-15 28 228 30.1 53.1 55.9 341 158 80 2.7 #8 17.2 
1916-25 2.5 187 246 263 468 270 12.1 6.3 2.3 141 
1926-33 2.4 158 15.3 302 501 238 8.3 39 16 103 





The proportional mortality figures of Table 5 are only insofar im- 
portant as to show what a relatively large proportion of the total mor- 
tality is borne by tuberculosis in practically all age groups except the 
youngest and oldest. Of course this proportion must depend upon the 
varying weight of other causes of death and so throws no light upon 
the actual risks of the living. We shall see that the proportion is very 
small in infancy because other causes of death (debility, premature births, 
digestive disturbances, inflammation of the lungs, etc.) are so much 
more important. For a similar reason old-age tuberculosis takes a minor 
place in comparison with senile decay, malignant disease and cardio- 
vascular disease.‘! In most other age classes the share of tuberculosis 
is large but it will be seen this share has fallen, although not regularly. 
Among women in Zirich still about half the total deaths between the 
ages of 15-30 are from tuberculosis, although at these ages women are 
also exposed to puerperal risks. Between the ages of 10-15 about one- 
third, and between the ages of 30-45 about one-quarter of the women 


“ But the actual rates of mortality of small children and the aged are by no 
means negligible. 
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who died did so from tuberculosis. Even among males the quota is f 
high. One must however recollect that in these young and middle age p 
classes the proportional mortality from tuberculosis does not really tell h 
us much. The most satisfactory insight is given by a table showing the f 
rates of mortality at ages. Table 6 is such an exhibit. a 
. ee h 
We see at once from Table 6 that tuberculosis claims its victims at all t! 
ages; indeed the rate of mortality at ages under 1 is rather high, but this 5 
u 
TABLE 6 

. . . . . . P 
Tuberculosis mortality in Ziirich per 100,000 living of the same h 
age and sex tl 
ir 
PERIOD AGES ir 

Under 75 and Total 
I I-4 5-9 10-14 15-20 30-44 45-59 60-74 over Crude Standard- P 
ized . 
5 Ww 
Males: T 
1896-05 418 276 136 74 228 408 608 662 361 325 325 be 
1906-15 282 161 70 41 148 247 #2385 446 199 203 203 fi 
1916-25 1904 108 34 28 125 %&157 22290 329 ©@=«©6367 150 140 in 
1926-33 78 41 25 20 ##$79 4121 172 «#4203 «265 108 95 it 
Relative figure: ag 
1896-05 = 100 fi 
1906-15 67 58 SI 55 65 61 63 67 55 62 62 o1 
1916-25 46 39 25 38 55 38 38 50 102 46 43 al 
1926-33 19 #15 I 27 35 30 2 31 73 33 29 th 
Females: pe 
1896-05 376 335 133 132 250 251 284 445 440 261 258 = 
1906-15 251 194 87 88 1890 186 209 374 402 190 190 i 
1916-25 123 104 50 32 159 132 140 249 320 140 134 a 
1926-33 89 56 18 29 116 83 81 139 6208 93 86 Is 
Relative figure: ” 
1896-05 —= 100 in 
1906-15 67 58 65 7 74 7 8 oO 73 74 T 


1916-25 33 31 38 53 49 S56 73 54 52 — 


1926-33 24 17 14 


SE 
g 
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falls greatly and reaches at the school age its nadir. By the beginning of 
puberty, it begins to rise and remains in the following age classes rather 
high, especially among males. On the whole the mortality figures for 
females are lower than for males except at earlier ages; regularly 
at the ages 10-15 and 15-30 the rate of mortality for females is the 
higher. It may be that greater demands upon the female organism by 
the beginning of sex and maternal activities is the explanation. The 
statistical relation is borne out by the figures for all periods and is 
unaffected by the decline in the level of the total mortality. 

In tuberculosis, unlike cancer, age standardization, when the same 
population is in question, has comparatively little importance. Even 
here there is in effect a tendency for the standardized figures to be less 
than the unstandardized because the mortality of tuberculosis tends to 
increase somewhat with age if we leave out of account the discontinuity 
in infancy.’ 

In the Zurich data the crude rates of mortality were, in the four 
periods for males, respectively 325, 203, 150 and 108 per 100,000, the 
standardized 325, 203, 140 and 95; unstandardized figures for females 
were 261, 190, 140 and 93, the standardized 258, 190, 134, and 86. 
Throughout, the figures for females were below those for males, but for 
both sexes there is an uninterrupted decline. The decline of mortality 
from tuberculosis is best shown by the index numbers which are put 
into the tables. Taking the mortality for the period 1896-1905 as 100 
it will be seen that the mortality in infancy, pre-school and early school 
ages are not much more than one-fifth to one-seventh part of the original 
figure in the final period, 1926-33; and even in later school ages, 10-14, 
only one-quarter of the original figure. At the other ages the rate is 
about one-third. An exception is presented by the oldest age group, 
the mortality for which in males has varied very irregularly over the 
period, but here the absolute numbers of deaths are very small. Among 
women at age 75 and over, it falls to rather less than half. There is 
also a really exceptional case presented by the women between the ages 
15-30, for in that age group (15-30) the absolute mortality figure for 
women is higher in all periods than for men of the same age; for 
instance, 116 per 100,000 in 1926-33 for women and only 79 for men. 
Taking all ages together the standardized mortality has fallen to less 


* Tuberculosis of the aged is often enough not recognized in life-time or taken 
into consideration as a source of infection. See, for instance, Goldmann and Wolff 
on tuberculosis of the aged (7). 
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than one-third, for men to 29 percent and women 33 percent. Ziirich 
shows the same phenomenon as West European civilized countries and 
the United States of America, as well as extra-European races of 
English stock. 

In connection with the smaller improvement in the tuberculosis 
mortality in young women, illustrated by the Ziirich statistics, attention 
must be directed to a particular phenomenon of most modern epidem- 
iology of tuberculosis; namely, the actual increase in mortality from 
tuberculosis among young adults after the war, especially in the female 
sex, a matter which has been discussed in English statistics, and also in 
those of some Scandinavian countries. 

A. Bradford Hill (8) made a particularly careful study of the course 
of phthisis mortality in England between 1851-60 and 1921-30 from 
which we may quote a few figures. Over these eight decades the 
standardized mortality rate from tuberculosis of the respiratory system, 
for both sexes, declined from 277.2 per 100,000 in 1851-60 to 76.8 in 
1921-30; that is, it fell to 28 percent of the original figure. 

In a finer age and sex analysis of the first six decades it appeared 
that the standardized mortality figure for males had fallen to a half, 
that of women to one-third; for both sexes in the younger age groups 
the improvement is appreciably greater than in the middle life and at 
older ages. Thus the mortality figure for young adults, males 15-25, 
IQOI-I0, was only one-third of that in 1851-60, the figure for young 
women only one-quarter. But over the period between 1910 and 1930 
there was a change; the males showed a little retrogression, but in the 
females in the period 1921-30 there was a definite increase in the 
mortality in the age group 15-25, and at ages 25-35 a much smaller im- 
provement than in the other groups. The years 1915-20 were left out of 
account owing to the disturbance of the war. A finer course is shown in 
Table 7 taken from Hill, using only the index numbers to show the 
course best. IQOI-I0 is put in as 100. 

Table 7 shows that in the short time since the turn of the century, 
leaving out the war years, till the period 1927-30 in the male sex in 
all age classes there has been a decided decline in mortality. The im- 
provement amounts to 40-60 percent in most age groups, but in the age 
group 15-25 only 24 percent, and in the age group 25-35, 39 percent. 
There is a slowing down. For women 15-25 there is even an increase, 
most distinct in the years 1921-23; here too the improvement in the age 
group 25-35 is much slower than at other ages. 
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TABLE 7 


Relative figures for the mortality from pulmonary tuberculosis since 
1901-10 in England and Wales 





PUTTING THE DEATH-RATES IN EACH SINGLE AGE CLASS 
AGE 1901/10 = 100, WE THEN HAVE: 





CLASSES Males Females 
IQII-14 1921-23 1924-26 1927-30 IQII-14 1921-23 1924-26 1927-30 








o— 74 46 44 40 76 46 4l 8 

5— 95 68 68 53 95 76 69 52 
15— 90 90 82 76 97 III 107 103 
25— 84 72 68 61 86 80 76 73 
35— 86 68 64 59 84 63 55 49 
45— 83 60 58 59 84 57 50 45 
55— 89 61 56 53 86 57 51 46 
65— 86 60 56 55 87 63 53 50 
75+ go 59 50 58 93 69 59 57 








When the country is divided into administrative areas, which Hill 
has done in an exhaustive research, in the urban areas the same 
phenomena are still more striking. Beside a slowing down in the decline 
of tuberculosis in young men, there is an increase in young women. 
Thus in London the increase for the latter amounts to 32, 23, and 28 
percent of the rate of mortality for 1911-14, and in urban districts to 
15, Ir and 5 percent, whilst in rural districts there was often no 
increase.18 

The maximum, therefore, of the retrogression falls into the period 
1921-23. After this improvement is shown. 

A further point to note in the mortality of tuberculosis of young 
adults is that the mortality from pulmonary tuberculosis in the earlier 
decades was generally less in rural than in urban districts at all age classes 
except that of young adults. Among young adults, especially women, 
rural rates were regularly higher. This excess mortality from tuber- 
culosis of the respiratory organs in rural districts has, in the decennium 
1921-30, completely disappeared, a result which taken in connection with 


* Hills’ original paper should be consulted for the actual rates. 
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the increase in mortality since the turn of the century is an important 
point. We give for comparison only the index numbers in Table 8. 


TABLE 8 


Relative figures for the mortality from pulmonary tuberculosis in urban 
and rural areas of England and Wales 





PUTTING THE DEATH-RATES FOR THE URBAN AREAS = I00, 











AGE WE THEN HAVE IN THE RURAL: 
CLASSES Males Females 

1891-00 =I90I-I10 1921-30 1891-00 IQ0I-I0 1921-30 
o— 69 56 48 70 64 59 
5— 84 81 73 104 102 79 
15— 114 112 70 129 130 89 
25— 93 105 87 110 116 99 
35— 63 69 65 79 83 gI 
45— 56 55 SI 78 74 79 
55— 63 57 50 88 84 81 
65— 71 62 50 97 94 86 
75+ . 59 58 60 75 70 79 





In the decennia 1891-1900 and IgOI-I0 one sees an excess mortality 
in the country for women in the age class 15-25 and also in the age class 
25-35, a slightly higher mortality also in the age class 5-15, while at all 
other ages the country mortality is lower. In 1921-30 the excess mor- 
tality for the country areas has disappeared but in the other age groups 
there is little change. 

We shall not enter into an explanation of this exception to the rule 
of mortality but merely refer to Hill’s investigation of the question of 
changes in internal migration, the direction of which is different from 
what it was in the latter half of the nineteenth century, at least in 
England. In some other countries similar observations have been made. 
In German statistics unfortunately there is not a sufficiently fine separa- 
tion into age groups of young adults. Of course, other explanations 
have been put forward, such for instance as changes in the proportion 
of immunity through the diminution in the amount of infection in 
childhood and the corresponding increase of infections in youth, a view 
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which has been put forward, for example, by Dahl (9) of Norway; 
other investigators refer to changes in occupation, in particular to the 
entrance of women into industry. We shall return to this in the second 
part of our investigation. We believe that in the decline in mortality 
from tuberculosis changes in population movement besides migration, 
such as the decline of births, are of some importance. 

Here we shall end the preliminary discussion of the numerical 
structure upon which our further investigation is built, and turn, in 
Part II, to the interpretation of the epidemiology. 


[The bibliography will follow Part II} 
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pe as “That ooried of life which lies between childhood and 
adulthood.” 

It was M. Quetelet, who coined the word anthropometry. Many 
social and national studies in anthropometry have been made. The 
stature and weight of the Negro boys and girls in this study are com- 
pared with norms from two standard studies, that of Baldwin and the 
United States Public Health Service. Boas (2:351) has found that 
growth is more variable with girls than with boys. 

The stature and weight of a child are important in his adjustment 
to life. Then too weight and stature are also related to health. A child 
may be small, yet remarkable otherwise. Children frequently boast 
about size for their age. Emerson writes (3:17) “Any investigation of 
a large number of children will demonstrate that those who are taller 
and heavier, as a rule have the advantage both in health and mental 
development.” 

We are not only concerned in this study with comparing stature and 
weight of these Negro boys and girls with the norms already found by 
Baldwin and the United States Public Health Service, but also the index 


* The writer wishes to thank the many institutions, agencies, and individuals, 
who have cooperated in this study. Special mention should be made concerning 
the Laura Spelman Rockefeller Memorial, the Institute for Juvenile Research, and 
the Works Progress Administration. A grant from the latter, which supplied the 
efficient services of Mr. Fred Carter, Mr. Robert Lawrence, and Miss Georgia 
Williams, is responsible for the completion of this work. 
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of stature and weight itself. The index says Hrdlitka (5:149) “Is the 
simplest expression of the geometric relation of two dimensions and as 
such is of much utility for the prompt conveyance of a notion as to the 
shape or relative size of parts. The index in general is also more 
permanent than the absolute dimensions of the parts, and therefore more 
valuable for group comparisons.” 

The following table supplies such data as: the number of boys at 
each age from twelve to sixteen; the mean weight and weight range, 
for each age from twelve to sixteen. The standard deviation for each 
age is also given. Then the norms found by Baldwin and the United 
States Public Health Service are given. The difference column is the 
comparison of the Baldwin and the United States Public Health Service 
with the mean weight for the Negro boys. 


TABLE 1 


Boys’ weight in pounds 





U.S. 
PUBLIC 
NO. OF PER MEAN WEIGHT STANDARD BALDWIN DIFFER- HEALTH DIFFER- 
AGE BOYS CENT WEIGHT RANGE DEVIATION NORMS ENCE SERVICE ENCE 





12 54 13.64 81.60 60-110 11.5 77.7 +3.90 78.0 + 3.60 
13 80 20.25 06.7 74-160 10.5 88.4 +8.3 85.1 +11.6 
14 100 = 25.31_-~=s: 105.8 80-152 10.56 98.3 +7.5 05-4 +104 
15 99 6025.06 1169 8©694-161 =—:12.68 109.4 +7.5 108.4 + 8&5 
16 62 15.69 125.7 95-180 12.6 120.6 +5.1 116.7. + 9.0 





ToTAL 395 99.9 105.34 60-180 11.57 98.88 +6.46 06.72 + 8.62 





The weight of 395 Negro boys is compared with Baldwin norms, and 
also the weight norms of the United States Public Health Service. There 
were 54 twelve year old boys in the study. Their mean weight was 
81.60 pounds. They range from 60 to 110 pounds, with a standard 
deviation of 11.5. These twelve year old boys were more than three 
pounds on the average heavier than both the Baldwin and the United 
States Public Health Service. 
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There were 80 boys at the thirteen year level. They were on the 
average eight pounds heavier than Baldwin’s and eleven pounds heavier 
than the United States Public Health Service. 

Boys at the fourteen year level numbered 100. Their mean weight 
was 105.8 pounds, with a range from 80 to 152 pounds. The standard 
deviation was 10.6. They were seven pounds heavier than Baldwin’s, 
and ten pounds heavier than the average weight for fourteen year old 
boys examined by the United States Public Health Service. 

There were 99 boys fifteen years of age in this study. Their mean 
weight was 116 pounds, with a range from 94 to 161 pounds. These 
boys were seven pounds on the average heavier than Baldwin’s and 
eight pounds heavier than the United State Public Health Service weight 
standard for fifteen year old boys. 

The mean weight of the sixteen year old boys was 125.7 pounds. 
There were 62 boys at this age level. The mean weight of Baldwin’s 
sixteen year old boys was 120.6 pounds. There was a difference of 
5.1 pounds. The United States Public Health Service norm for sixteen 
year old boys is 116.7 pounds. The boys in this study were on the 
average heavier than the norms for both the Baldwin and the United 
States Public Health Service. 

The total number of boys from twelve to sixteen was 395. The 
mean weight of all ages was 105.34. The weight range was from 60 to 
180 pounds. The Baldwin norm for all ages was 98.88 pounds. The 
Baldwin norm was on the average six pounds lighter than these 395 
boys. The United States Public Health Service norm was 8.62 pounds 
lighter on the average. 

The 395 boys in this study were, on the average, heavier than the 
age standards of both the Baldwin and the United States Public Health 
Service at all ages from twelve to sixteen. Again comparing these 395 
boys with the United States Public Health Service, we observe that the 
difference is less at age twelve and more at age thirteen. The difference 
is also less at age twelve and more at age thirteen when we compare the 
boys of this study with the Baldwin age standards. 

Table 2 gives the average weight for girls for ages from twelve to 
sixteen, respectively. The twelve year old girls were heavier on the 
average than twelve year old boys. The adolescent boy has not as yet 
caught up with the adolescent girl. There were 58 girls at this age level. 
The mean weight was 88 pounds, with the range from 60 to 118 pounds. 
These girls were, on the average, more than four pounds heavier than 





NEGRO ADOLESCENTS 


TABLE 2 


Girls’ weight in pounds 





U.S. 
PUBLIC 
PER MEAN WEIGHT STANDARD BALDWIN DIFFER- HEALTH DIFFER- 
CENT WEIGHT RANGE DEVIATION NORMS ENCE SERVICE ENCE 





10.94 88.10 60-118 2.60 83.9 +4.20 79.7 + 8.40 
13 15.15 96.7 70-160 10.5 96.2 +0.5 89.7 + 7.0 
14 40.71 105.2 80-156 10.5 107.2 —2.0 00.4 + 58 
15 22.72 116.9 92-161 12.6 115.5 +1.4 1077.6 + 9.3 
16 10.41 125.7 101-186 12.4 120.6 +5.1 113.6 +121 





Tora, 528 99.9 106.52 60-186 9.72 104.68 +184 980 + 8&5 





the Baldwin norms, and eight pounds heavier than the standards of the 
United States Public Health Service for twelve year old girls. 

For age thirteen, there were 80 girls with a mean weight of 96.7 
pounds. The mean weight of the thirteen year old girls and thirteen 
year old boys was the same. Students of adolescence agree that the 
weight and other advantages held by the girls at age twelve are usually 
lost around age thirteen. These findings support Hollingworth, (4:6) 
who says “Then at about the age of twelve girls begin to exceed boys 
in both weight and stature. The corresponding acceleration of growth 
does not begin until about the thirteenth birthday in the case of the boys. 
Girls are typically taller and heavier than boys from twelve to fourteen 
years of age.” 

This study reveals that the average weight for the thirteen year old 
colored boy is the same as the average weight for the thirteen year old 
colored girl. There was practically no difference between the average 
weight of the thirteen year old girls examined in this study and the 
Baldwin age weight standards, but those examined by the United States 
Public Health Service were seven pounds lighter on the average. 

At age fourteen, we have 215 girls with an average weight of 105.2 
pounds. The average of the fourteen year old girls was about the same 
as the fourteen year old boys. The girls had a longer range than the 
boys. They ranged from 80 to 156 pounds, whereas the boys ranged 
from 80 to 152 pounds. There was very little difference between the 
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Baldwin norms and the average for 215 girls in the study. The colored 
girls were 5.8 pounds heavier on the average than the fourteen year old 
standard of the United States Public Health Service. 

There were 120 girls in this study at age fifteen. Their mean weight 
was 116.9 pounds. They have the same average weight as the fifteen 
year old boys. The range is also about the same. These 120 girls were 
on the average about a pound heavier than Baldwin’s weight standard 
for age fifteen. They were on the average nine pounds heavier than 
the norms of the United States Public Health Service for age fifteen. 

At the sixteenth year, we have 55 girls with a mean weight of 125 
pounds. This was also the same as the mean weight of the sixteen year 
old boys. The sampling here is probably too small. The girls of this 
age ranged from 101 to 186 pounds. They were heavier on the average 
than the Baldwin norms and also the sixteen year old standards of the 
United States Public Health Service. 

This study comprised 528 girls. The mean weight for all ages from 
twelve to sixteen was 106.52. The girls ranged from 60 to 186 pounds, 
with a standard deviation of 9.72. There was very little difference be- 
tween the girls in this study and Baldwin norms. The mean weight for 
the latter for all ages from twelve to sixteen was 104.68 pounds. The 
mean weight for the United States Public Health Service of all ages 
from twelve to sixteen was 98 pounds. There was a difference of 8.5 
pounds between the latter and the average for the 528 girls in this 
study. 

The girls in this study were, on the average, heavier than those of 
the United States Public Health Service at all ages from twelve to 
sixteen. The greatest difference appears at age sixteen. The girls in 
this study were twelve pounds heavier on the average. The least dif- 
ference in weight appears at age fourteen. The Negro girls were only 
five pounds heavier on the average than the United States Public Health 
Service at this age level. 

On the other hand, the girls of the Baldwin norms were heavier than 
the girls in this study at age fourteen. They were just about the same 
on the average at age thirteen. The greatest difference between the 
Baldwin age-weight norms and the girls in this study appears at age 
sixteen. The colored girls were five pounds heavier on the average than 
the Baldwin norms at this age level. It is possible that the girls of this 
study at age sixteen were not as typical as the other age levels in this 
study. 
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TABLE 3 


Showing cities from which 455 colored boys were measured for stature 





CITY PER CENT 





Washington, D. C. (1926-27) 26.37 
New York City (1928) 9.20 
Chicago, Illinois (1930-35) 64.30 





99.87 





The boys in Table 3 were measured for stature in three cities: 
Washington, D. C., in the psychological laboratory of Howard Univer- 
sity in the years 1926-27; New York City in 1928, and in Chicago in 
1930-35. Twenty-six per cent of the boys were measured in D.C. Only 
nine per cent of the boys were measured in New York City. Chicago 
furnishes more than sixty-four per cent of these boys. The stadiometer 
was used in measuring most of these boys. 

Observation reveals that these boys are from the large cities. The 
data do not reveal to what extent these boys are actually city bred or 
whether they were born and lived for a part of their lives in smaller 
cities or towns. 

In Table 4 the stature of the 455 Negro boys (cf. Table 3) is indi- 
cated. Most of these measurements were made on boys in the eighth 
grade and high school freshmen. A small percentage of these measure- 
ments was made by physicians at the Institute for Juvenile Research, 
representing several school grades. 

These boys were measured for ages twelve to sixteen inclusive. The 
455 boys in this study are compared in stature with the age standards for 
stature of Baldwin and the United States Public Health Service. 

At the age of twelve, there were 105 boys, with a mean stature of 
57-2 inches. The range was from 52 to 60 inches. This average is 
slightly taller than the Baldwin, and one inch taller than the norms of 
the United States Public Health Service. The Baldwin norm for 
twelve year old boys is 56.9 inches, while the age-stature standard of the 
United States Public Health Service is 56.2 inches for twelve year old 
boys. 
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TABLE 4 


Showing boys’ stature in inches 





U.S. 
PUBLIC 
NO. OF PER MEAN STATURE STANDARD BALDWIN DIFFER- HEALTH DIFFER- 
AGE BOYS CENT STATURE RANGE DEVIATION NORMS ENCE SERVICE ENCE 





105 23.07 57.2 52-60 4.8 56.9 +0.30 56.2 +1.0 
85 18.68 59.3 55-64.4 0.08 59.3 o 58.0 +1.3 
106 23.29 63.1 55-65 1.02 61.8 +1.3 60.3 +28 
105 23.07 64.1 57-69.1 II 64.1 o 62.9 +1.2 
11.86 66.3 59-70 1.04 66.7 —0.4 64.6 +1.7 





99.9 62.0 52-70 1.79 61.76 +0.24 60.4 +1.6 





There were 85 thirteen year old boys in this study. Their mean 
stature was 59.3 inches, with a standard deviation of 0.98. The range 
was from 55 to 64.4 inches. There was no difference in the stature of 
the thirteen year old boys in this study and Baldwin norms for age 
thirteen. The standard for the United States Public Health Service 
thirteen year old boys was 1.3 inches shorter than the boys of this study. 

At age fourteen, there were 106 boys, with a mean stature of 63.1 
inches. These boys were on the average slightly taller than those of 
Baldwin and the United States Public Health Service. The range in 
stature for fourteen year old boys was from 55 to 65 inches. 

There were 105 boys at the fifteen year level. They had a mean 
stature of 64.1 inches. There was no average difference in the stature 
of the fifteen year old boys in this study and those comprising Baldwin 
norms. These fifteen year old boys ranged in stature from 57 to 69 
inches. The fifteen year old boys comprising the United States Public 
Health Service age standard for height were about an inch shorter than 
those measured in this study. 

At the sixteen year level, there were 54 boys. Their mean stature 
was 66.3 inches. This was slightly shorter than Baldwin norms, and 
about an inch taller on the average than the norms for the United States 
Public Health Service. The stature range for the sixteen year old boys 
was from 59 to 70 inches. 
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The mean stature for the 455 Negro boys in this study ranging in 
ages from twelve to sixteen was 62.0 inches, with a standard deviation 
of 1.79. The range was from 52 to 70 inches. This is about the same 
as Baldwin’s age norms for stature and more than an inch taller than 
the stature standard for the United States Public Health Service. The 
boys in this study were on the average taller than Baldwin norms at ages 
twelve and fourteen. They were the same as Baldwin norms at ages 
thirteen and fifteen. They were less than Baldwin standards at age 
sixteen. The boys of the United States Public Health Service were 
on the average slightly shorter than the boys of this study, at all ages 
from twelve to sixteen. 


TABLE 5 


Showing cities from which 606 colored girls were measured for stature 





CITY 





Washington, D. C. (1926-27) 
New York City (1928) 
Chicago, Illinois (1930-35) 








There were 606 girls who were measured in this study (Table 5). 
More than 200 of them were measured in the psychological laboratory at 
Howard University, from 1926 to 1927. A few of these girls were 
measured in New York City in 1928. Three hundred and six were 
measured in Chicago. Most of the Chicago girls were measured at the 
Du Sable High School. It is clear then, that the girls in the study were 
city girls. The length of time these girls have lived in the large cities 
was not determined. 

The stature of these 606 girls, from ages twelve to sixteen is shown 
in Table 6. There were 60 girls twelve years of age. Age nearest 
birthday was used. The mean stature of the twelve year old girls was 
57:3, with a range from 54 to 62 inches. The standard deviation for 
the twelve year old girls was 1.18. These girls were on the average 
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TABLE 6 


Showing girls’ stature in inches 





U. S. 
PUBLIC 
MEAN STATURE STANDARD BALDWIN DIFFER- HEALTH DIFFER- 
CENT STATURE RANGE DEVIATION NORMS ENCE SERVICE ENCE 





12 57.3 54-62 1.18 576 —0.3 570 +03 
13 ‘ 60.5 56-634 1.04 60.1 +04 59.3 +12 
14 223 . 62.6 56-64.5 1.0 61.8 +08 61.1 +1.5 
15 131 , 62.9 59-65 1.1 62.7 +0.2 62.5 +0.4 
16 61 " 63.3 59-66 0.94 63.6 —0.3 63.3 o 





Tota. 606 61.3 54-66 1.05 61.16 +0.1 60.64 +0.6 





shorter than Baldwin norms by 0.3 inches. They were, however, taller 
than the norms of the United States Public Health Service. 

There were 131 thirteen year old girls in the study. The mean 
stature for the thirteen year old girls was 60.5, with a range from 56 
to 63.4. The thirteen year old girls were on the average slightly taller 
than the Baldwin norms, and about an inch taller than the age-stature 
standards of the United States Public Health Service. 

There were 223 girls at the fourteen year level. Their mean stature 
was 62.6 inches. Their stature range was from 56 to 64.5 inches. 
These fourteen year old girls were slightly taller than both the Baldwin 
and the United States Public Health Service age standards for stature. 

At age fifteen, there were 131 girls, with a mean stature of 62.9 
inches. The stature range for these girls was from 59 to 65 inches. 
The standard deviation was 1.1. These girls were only a fraction taller 
on the average than the Baldwin and the United States Public Health 
Service standards. 

There were 61 sixteen year old girls in this study. The mean height 
of the sixteen year old girls was 63.3 inches. The stature range for this 
age level was 59 to 66 inches. The standard deviation for year sixteen 
was 0.94. The mean stature of these girls was the same as the mean 
height of the United States Public Health Service and 0.3 inches less 
than the norms found by Baldwin for sixteen year old girls. 
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The mean stature for all ages from twelve to sixteen was 61.3 inches. 
The range was from 54 to 66 inches. These 606 girls were on the 
average only a fraction taller than the Baldwin norms, and 0.6 inches 
taller than the norms of the United States Public Health Service. 

These findings are of significant interest. The twelve year old 
colored girls were 0.1 inch taller than colored boys. 

Let us next observe weight-stature index for boys. Table 7 gives 
this information for boys from twelve to sixteen years of age. 


TABLE 7 


Showing weight-stature index of colored boys compared with that of 
Baldwin and the United States Public Health Service 





WEIGHT-STATURE UNITED STATES 
INDEX (Pounds) PUBLIC HEALTH BALDWIN 





1.42 1.39 1.36 
1.63 1.47 1.49 
1.67 1.58 1.59 
1.82 1.72 1.70 
1.89 1.81 1.80 





1.68 1.59 1.55 





The weight-stature index for twelve year old colored boys is revealed 
as 1.42 and for thirteen year old colored boys as 1.63. The increase of 
weight over stature at age twelve is greater than at any age from twelve 
to sixteen. 

With the United States Public Health Service the highest index is at 
age fourteen. Age twelve also represents the modal index according to 
Baldwin norms. 

Table 8 shows index of stature and weight for colored girls. The 
index was obtained for 528 girls. 

With the colored girls, the modal stature-weight index between twelve 
and sixteen is at age fourteen. The modal index for the United States 
Public Health Service was at age thirteen. 

Table 8 reveals that the greatest increase of weight over stature for 
the ages from twelve to sixteen, is in year twelve. 
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TABLE 8 


Showing weight-stature index of colored girls compared with that of 
Baldwin and the United States Public Health Service 











NO. OF WEIGHT-STATURE UNITED STATES 

AGE GIRLS INDEX (Pounds) PUBLIC HEALTH BALDWIN 
12 58 1.53 1.40 1.45 
13 80 1.59 1.51 1.60 
14 215 1.68 1.63 1.73 
15 120 1.85 1.72 1.84 
16 55 1.98 1.79 1.89 
TOTAL 528 1.92 1.61 1.70 





Baldwin (1:23) was a pioneer in growth and age studies. Con- 
cerning stature growth he writes as follows: 


From the years six to thirteen and one half, the yearly increment varies from 
one to eight or nine and one half centimeters. At the age of twelve there is a 
surprising jump in the increase which reaches as high as twelve centimeters; the 
rapid increase continues up to seventeen years of age. The increase from six to 
about seven and one half has no uniformity, and seems to depend on the individual. 
From the years eight to twelve the usual increase is from seven to nine centimeters. 
Here, too is the greatest uniformity of increase, that is more boys increase the 
same number of centimeters than at any other time. In some sporadic cases the 
increment is as much as ten centimeters. From thirteen to seventeen the increment 
is larger. 


SUM MARY 


This study reveals that the city colored boy and girl occupy a favor- 
able position in both weight and stature. The Negro city boy of adoles- 
cent age was heavier than Baldwin and the United States Public Health 
Service norms. The same is true of the colored urban girl of adolescent 


age. 
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THE MEASUREMENT OF VARIATIONS IN 
ASYMMETRICAL DATA WITH APPLI- 
CATIONS TO HEMOGLOBIN STA- 
TISTICS OF INFANTS 


BY T. E. RAIFORD 


The Research Laboratory of the Children’s Fund of Michigan, 
Detroit, and the Mathematics Department, University of 
Michigan, Ann Arbor 





i AORTUNATELY many researches from which a sufficient 
fe) amount of numerical information is obtainable lend them- 


about their arithmetic averages. To proceed on this assumption, however, 
in so far as the use of certain formulae and often-used methods is con- 
cerned when the data do not possess such symmetry—usually designated 
as asymmetrical or skew—leads to serious misinterpretations and poor 
results. It is desired in this paper to present results from a recent study 
made in the Research Laboratory of the Children’s Fund of Michigan, 
Detroit, of certain asymmetrical distributions of measurements of the 
hemoglobin of healthy infants ranging from two weeks to one year in 
age. The hemoglobins were taken and determined under standardized 
conditions. 

In any discussion of the so-called normal hemoglobin content of the 
blood at a given age one is interested not only in the average amount of 
hemoglobin for the children at that age, but also in the amount by which 
the hemoglobin of the so-called normal child may vary from this average. 
Three methods will be mentioned here for handling such skew distribu- 
tions, and the last one will be used in presenting some of the facts 
brought out by this study. 

A method which is often useful and easy of application is that one 
making use of the cumulative frequency distribution, pictured by the 
Ogive curve (1) and, among other places, ably presented in a paper by 
Boyd (2) and illustrated with data from the weight of the spleen. The 
method, though useful, presents a valid objection. When we speak of a 
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law of relationship, expressible quantitatively, numerous examples from 
all branches of science impress us with the important fact that law im- 
plies orderliness in behavior. Laws expressible by equations are, as we 
know from experience, invariably represented by smooth curves. As 
the statistician is aware, the irregularities in many graphic representa- 
tions are indication of insufficient numbers. If the purpose of collecting 
data is to determine, if possible, the law under which the object of study 
operates then the method suggested fails in that it does not demand this 
essential property of smoothness. The determination of the algebraic 
(or transcendental) expression for this growth curve, known as the 
Ogive, would accomplish this but at the same time defeat the primary 
value of the method, namely its simplicity and ease of application. 

In statistical literature a large class of skew distributions are 
characterized by the well known Poisson series. Tabulated values of 
this function by which variations from the average are readily calculated 
are available (3), but very little use has been made of the method for 
statistical presentation in current publications. Whether this is due to 
the general lack of familiarity, in restricted fields of work, with this 
function and its use, or that the tables are not so generally available, is 
not evident. Since the classic example of the Poisson series in biological 
research is that given by Fisher (4) in the data for accuracy of counting 
with a haemacytometer such as used in many blood studies, we shall use 
the data of this example in exhibiting the validity of the results by a 
third method, the one of prime interest in this paper. One of the 
distinct advantages of this method is that it presents no new basic ideas 
to the many familiar with the use of tables for the normal curve. 

Instead of requiring the use of only one statistical constant, the 
mean M, as does the Poisson distribution, or two, the mean M and 
standard deviation o, as does the normal curve, the third method using 
Pearson’s Type III equation (5), requires three, namely the mean M, 
the standard deviation o, and a measure of skewness. Of the many 
measures of skewness the one best suited to further mathematical treat- 


3 
ment is a; = 4 , where & d® is the sum of the cubes of the deviations 


of the individual measurements from the mean. Areas and ordinates 
for these standard curves of skewness a, = 0, .I, .2 1.1 have been 
published by Salvosa (6) those values corresponding to a, = 0 being of 
course those for the normal curve. 
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For the data referred to above and shown in Table 1, the values of 
M, a, and a, are found to be 4.68, 2.20 and .51 respectively. 


TABLE 1 


Distribution of yeast cells in the 400 cells of a haemacytometer 
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With these values the expected frequencies for successive variations 
from the mean calculated by the use of tables of the Poisson function 
and also those calculated by use of Salvosa’s tables are given in columns 
headed f, and f, respectively. The corresponding differences from the 
observed frequencies, f,, are almost identical in the two cases. The ,’* 
test for goodness of fit for this law of distribution gives the value of P 
as between .8 and .g which means that the law of distribution making 
use of a, is a very good one for these data since a value of P = .9, say, 
means that nine out of ten samples chosen arbitrarily for study would 
be expected to vary from this graduation by an amount equal to or 
greater than the one studied (7). 
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Previous presentations seem to have taken little cognizance of the 
lack of symmetry in data of hemoglobin studies. The number of grams 
of hemoglobin per 100 cubic centimeters for each of 3469 samples of 
blood taken from 364 infants under one year of age is given in Table 2. 
These infants were studied in the Research Laboratory of the Children’s 
Fund of Michigan, Detroit, Michigan. It should be remarked here that 
the data for white children and that for the colored children have been 
combined in this presentation although for other important studies we 
find justification for separating them (8). Measurements below 10 
grams per 100 cubic centimeters were read in half grams and those 
above 10 grams were read in whole units. These tabulations are given 
at age intervals of one month (month of 28 days) with a marginal 
frequency table giving the data for the whole year. The values for the 
mean M, the standard deviation o and measure of skewness a, are given 
for each distribution as indicated. 

With these statistical constants available it is possible to calculate 
the expected frequencies for any age group, or rank a child in a given 
age group, his hemoglobin measurement being given. This would re- 
quire a complete set of tables. We can, however, illustrate the method 
as well as answer many important questions from a few values derived 
from Salvosa’s complete tables. 

Table 3 presents a tabulation of the percentages of total frequency 
corresponding to given values of a, and below given values of d (d as 


TABLE 3 


Percentage of distribution below given values of d 
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defined earlier and expressed in units of «), and Table 4 gives a tabu- 
lation of values of d below which a given percentage of the frequencies 
lie. 

Consideration will be given to only two distributions from Table 2, 
one in which a, is positive and one in which a, is negative, the difference 
in presentation being that when a, is opposite in sign to that shown in 
Table 3 it is necessary of course to use the d with sign changed also. 
The cumulative expected frequencies ¥f, are calculated by use of Table 
3 at units of Ic, 2c, 30, from the group average and this of course does 
not give the same limits as those of the observed for comparison but 
without introducing interpolation to accomplish this the method is 
adequate for the present purpose. 

The point we wish to make will be made clear if we use only com- 
parisons which can be read directly with comparative accuracy. Of the 
272 observed measurements presented in Table 7, seven are below 8.5 
grams as compared to nine (using integral numbers) below 8.52 grams. 
In the same table there are 231 of the 272 measurements observed 
below 12.5 and the expected number as calculated by use of Table 3 is 
230 below 12.48 grams. A bit of arithmetical calculation will show the 
other comparisons to serve in a very satisfactory way as a method of 
predicting group frequencies when the average, standard deviation and 
measure of asymmetry are known. 

Defining the probable error of a distribution as the range including 
25 per cent of the distribution on either side of the mean (which is the 
usual definition in case a, = 0) (9), then from Table 4 we find that for 
the age group 70-98 one-half of the distribution lies, not between 10.92 
+ .67 (1.04), but between 10.92 — .69 (1.04) and 10.92 + .66 (1.04) 
and for the age group 42-70 the upper and lower limits are 11.16 + .71 
(1.32) and 11.16 — .63 (1.32) respectively. Or again, if we should 
define as significant any measurement lying in the lowest 214 per cent 
or the highest 2%4 per cent of the range, that is, the normal range to 
include the central 95 per cent of the measurements, then for the age 
group 70-98 a hemoglobin reading would vary significantly if below 
10.92 — 1.86 (1.04) grams or above 10.92 + 2.05 (1.04) grams, and 
for the age group 42-70 normal variation would be between 11.16 — 2.14 
(1.32) and 11.16 + 1.76 (1.32) grams. 

The results obtained in these illustrations from distributions which 
are only slightly asymmetrical emphasize the importance of skewness in 
measuring variation of the kind here presented. A glance at Tables 3 
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TABLE 5 


Age group 70-98 days; M = 10.92, o = 1.04, a; = .2 











PERCENT OF DIS- TOTAL FRE- 
TRIBUTION BELOW QUENCY BELOW 
N M+Ne M+Ne M+WNe 

(Table 3) =f. 

(1) (2) (3) (4) = 329 X (3) 
_— 8.84 017 5-59 
—I 9.88 158 51.98 
0 10.92 513 168.78 
I 11.96 842 277.02 
2 13.00 972 319.79 
3 14.04 .997 328.01 
4 15.08 1.000 329.00 

TABLE 6 


Age group 42-70; M = 11.16; o = 1.32; a, = —.4 











PERCENT OF DIS- TOTAL FRE- 
TRIBUTION BELOW QUENCY BELOW 
N M+Ne M +Ne M+WNe 
(Table 4) =f. 
(1) (2) (3) (4) =272 X (3) 
—3 7.20 I —.996= .004 1.09 
—-2 8.52 1 —.968= .032 8.98 
—! 9.84 1 —843= .157 42.98 
oO 11.16 I —.527= .473 128.93 
I 12.48 I —.157== .843 239.57 
2 13.80 I —.o1r= .989 269.28 
3 15.12 I —.000 = 1.000 272.00 
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and 4 shows how greatly results would be affected as the degree of 
skewness is increased. The ease with which such computations may be 
made makes the method of practical use. 


SUMMARY 


The fundamental assumption made at the beginning of the paper 
should be repeated and emphasized, namely the assumption that the data 
follow some law which is geometrically represented by a smooth curve. 
That this is a logical assumption for a given problem is best answered 
by an expert in the field from which the data are taken, but that this is 
true for most data is abundantly evident. That the law we have 
assumed—namely, that from which Tables 3 and 4 have been calculated 
—is a good one is only answered by some test for Goodness of Fit. Such 
a test will not be included in this paper, but further work gives evidence 
that the law here is a valuable one for this problem. 
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SOME PHYSIOLOGICAL PHENOMENA FITTED 
TO GROWTH EQUATIONS 
II. BRAIN POTENTIALS 


BY A. P. WEINBACH 








Normal Child Development Study of the Department of Diseases of Children, 
Columbia University, and the Babies’ Hospital, New York 








——=HHIS paper is a presentation of the data of Lindsley (1) and 
i] Smith (2) of the variations of frequency of the Berger 
] thythm or alpha waves (brain potentials) with age. The 
j=) data are presented in the form of curves, Figs. 1 and 2. 
The curves were obtained by fitting the data to the equation representing 
the growth of bacteria, or cells, or populations, or body weight, etc., 
during the decelerating phase of growth. 

The suggestive reasons for fitting the data for the change of fre- 
quency with age to a growth equation are: First, changes in any physio- 
logical process with age, such as the one in question, are probably a 
manifestation of some growth process ; and second, the frequency of the 
rhythm rises rapidly in the early years of life, but approaches a maxi- 
mum value which is apparently constant throughout adult life. 

Lindsley (1) states that “no satisfactory explanation has yet been found...... 
for the increase in frequency of the waves with age in children, but the constant 
and somewhat uniform upward trend of the frequency until the adult level is 
reached at 8 to 10 years of age suggests a developmental process of some sort. 
Whether myyelinization of projection fibers or some growth process is concerned 
can not be hazarded.” 

The lower part of Fig. 1 is a plot of the age as abscissae versus the 
average frequency of the brain potentials as ordinates, plotted on ordin- 
ary coordinate paper. These curves have a shape similar to the growth 
curves of animals, bacteria, population, etc., after the inflection point, 
that is, when the rate of growth is decelerating (3). 

The equation representing the curves of Figs. 1 and 2 is 


(1) f = fm — Be-*4 


where f is the observed frequency of the brain potential in oscillations 
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per second at age A years; f», is the maximum frequency attained in 
adult life, i.e. the asymptote to the curve; & is the time-rate of decline of 
change in frequency per year, if age is in years; and B is an age para- 
meter the value of which depends on where the curve meets the age- 
axis. If age is counted from the point A’ where the extrapolated curve 
meets the age-axis, equation (1) becomes 


(2) f = fm — fue *4— 4 


since B = f» when A = J’. 

The constants in equation (2), fm, & and A’ may be evaluated graph- 
ically by trial after first making an assumption for the value of fm. 
Equation (1) may be written 


(3) fm — f = Be~*4 
Taking logarithms of both sides 
(4) In (fm —f) = In B— kA 


which is linear in ln (fm—f) and A. If the proper value of f,, is 
chosen, and (f~—f) plotted against A on semi-log paper, a straight 
line should result. If the value of f,, chosen is too high, the resulting 
curve will be concave upward; and if the value is too low, the curve will 
be concave downward, while the correct value of f,, will yield a straight 
line. 

The upper part of Fig. 1 shows the lower curves plotted in such a 
manner. It is seen that for properly chosen values of the maximum 
frequency attained in adult life the data for frequency versus age ap- 
parently follow the growth equation. Two curves are visible in the data 
of Fig. 1, one having a maximum frequency of 9.0 oscillations per 
second, the other 11.5 oscillations per second. Lindsley’s data is in 
solid triangles, Smith’s in dots. 

The slope of the straight line in the figure gives the value of &, the 
time-rate of decline of change in frequency with age, as shown in 
equation (4). This value is 0.468 or 46.8 per cent per year for both 
curves. The constant B may be taken directly from the straight line 
as it is the intercept on the f axis. It is the value of (f,—f) when the 
age is zero counted from birth. However, it is more appropriate to 
obtain the value of A’ in equation (2). This is given as the age when 
the growth curve is extrapolated back to the age-axis. It is the age of 
the individual when the frequency of the brain potentials is zero. There- 
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fore, it is the value of A when f equals zero, or when (f~—f) equals 
fm. By extrapolating the straight line to the point where (f,— f) 
equals f,, the value of A’ may be read directly on the age-axis. J’ is 
minus 0.77 years for both curves. 

The age at which a given frequency is reached or at which a certain 
fraction of the adult frequency is reached may be determined as derived 
by Brody (3) for weight-growth curves. 


Equation (2) may be written 
(5) f = fu—fme—*4 


where A is measured from the point where the curve meets the age-axis 
Then 


fn! on anne 
In int = —kA 
A _ I l (fm—— f) 
k $s, 
whence 
(6) A=——- mu +) 


If one wishes to determine the age at which half the adult frequency 
is reached, f is replaced by 0.5f,, in equation (6). 


Az=—— ks (1— 2-5fm » 
fm 
a aes In 0.5 
k 
In Fig. 1 the age at which half the adult frequency has been reached is 
- 0.693 _ 
0.468 


= 1.48 years counted from the point 
where the curve meets the age-axis, minus 0.77 years. 


Fig. 2 includes the average and maximum range of frequencies ob- 
tained at the various ages and gives curves having a maximum adult 
rhythm of 8, 9, 10, 11 and 12 oscillations per second. These curves 
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seem to cover the band of variation of frequency. Longitudinal studies 
of one individual may give a curve from which the adult rhythm can be 
predicted or the rhythm at any age. 

Three interesting points are brought out in Figs. 1 and 2. First, the 
change of frequency of brain potentials with increasing age apparently 
follows a growth curve similar to that obtained for other growth 
phenomena. 

Second, the rapidity of approach to the maximum or adult frequency 
may be determined from the curves, and this fractional decline in the 
time-rate of increase in frequency of brain potentials is a constant, 
probably a genetic constant, varying for different species but essentially 
constant for each species. This constant is 0.468 or 46.8 per cent per 
year for all the curves of Figs. 1 and 2. 

Third, the curve of increase in frequency with age when extrapolated 
back to zero frequency meets the age-axis approximately at conception. 
That is, the value of A’ in equation (2) is approximately minus 0.77 
years from birth. It is not possible to decide whether this is an 
accidental finding of no significance or a true representation of the 
course of growth of brain potentials. No definite conclusions can be 
made until studies of the frequencies of potentials in fetuses have been 
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made. If extrapolation gives the true course of growth, then the mech- 
anisms controlling the increase of frequency with age are present at 
conception. Further, it shows that at conception the frequency, if it 
could be obtained, would be zero, but would immediately start to rise 
with a constant percentage decline in the rate at which it rises until the 
adult frequency is reached. 


SUMMARY 


The change in the frequency of brain potentials (alpha waves) with 
age has been fitted to a growth equation. 
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5. Mortality and General Vital Statistics 
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